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General view of Imhoff tanks 
at the Sewage Disposal Plant, 
Indiantown Gap, Pa., after 
extensive Prepakt repair. The 
deteriorated areas of all these 
walls were chipped off, then 
rebuilt to the original contour 
with Prepakt Concrete. 


Workmen chipping away dis- 
integrated material from back 
wall of the drying beds. 


View showing extent of dis- 
integration of a beam across 
Imhoff Tank. 


PREPAKT REPAIRS A 
SEWAGE DISPOSAL PLANT 


The severely deteriorated tank wall 
and beam structures in this Pennsyl- 
vania sewage disposal plant were 
completely restored by Intrusion- 
Prepakt methods and materials. 
As shown in the photos, the old 
concrete in these tanks was cleaned 
away and then rebuilt with high- 
density Prepakt Concrete while 
the plant was in partial operation. 
The rebuilt beam and wall struc- 
tures now have exceptional resist- 
ance to freezing and thawing and 


chemical deteriorating factors. The . 


exceptionally high bonding strength 
between Prepakt Concrete and the 
old concrete provided a true mono- 
lithic section, and restored the orig- 
inal strength to all structures. 

This is another example where 
Prepakt has been specified to gain 
those superior Prepakt advantages 
that contribute to long, mainte- 
nance-free life of concrete struc- 
tures. 

Full information on this and 
other similar Prepakt projects may 
be had by calling or writing the 
Main Office, Cleveland, Ohio. 


View showing typical condition 
of wall before removing old 
concrete. 


New Outlet Basins built with 
Prepakt Concrete at the end of 
Imhoff tanks. Note top of tank 
wall at left, prior to stripping 
forms. 


New beams and structure on Imhof 
tanks, replacing fractured and dis- 
integrated units. 


SPECIAL SERVICES 


Method of forming for rebuilding 
6” partition walls. Note Prepakt- 
rebuilt beam across tank. 


CONTRACTORS ~ ENGINEERS 


THE PREPAKT CONCRETE C0. 


CHICAGO - TORONTO - SEATTLE CLEVELAND 14, OHIO SAN FRANCISCO - PHILADELPHIA 


INTRUSION-PREPAKT, INC. 





ZURICH + PARIS + MADRID». STOCKHOLM.» HELSINKI + BEREE 
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Time Table for 4S&th 
Aunual Conuention 


February 26-28, 1952 





Netherland Plaza Hotel 


Cincinnati, Ohio 


Tuesday, February 26 


8:30 a.m.—Technical committee meetings 
9:00 a.m.—Registration begins 


10:30 a.m.—First general convention session—Prestressed 


concrete—Pavillon Caprice 


2:00 p.m.—Convention session—Durability and curing 


—Pavillon Caprice 


8:00 p.m.—Technical committee meetings 


Wednesday, February 27 


(Concurrent sessions will be held morning and afternoon 
in the Pavillon Caprice and Parlors A-D) 


9:00 a.m.—Convention session—Ultimate load design— 


Pavillon Caprice 


—Convention session—Materials and proper- 


ties—Parlors A-D 


12:15 p.m.—General Luncheon—Hall of Mirrors 


2:30 p.m.—Convention session—Design—Pavillon 


Caprice 











7:30 p.m.—Technical committee meetings 







Thursday, February 28 


9:00 a.m.—Open meeting of ACI Committee 115, 


Research—Pavillon Caprice 


12:15 -p.m.—Harvey Whipple Luncheon 


2:30 p.m.—Final convention session—Panel discussion 


—Pavillon Caprice 








—Convention session—Construction—Parlors 
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Convention Program Highlights 


In three days of information-packed sessions at Cincinnati those attending 
the 48th annual convention will find much of interest on concrete and its 
constituent materials. Session topics include design and construction of 
prestressed concrete structures, curing and durability of concrete, theoretical 
and practical considerations in ultimate load design, materials and properties, 
design of several types of concrete structures, and construction techniques. 
Synopses of the convention papers were published in the January News Leiter. 

An annual feature, the open session of Committee 115, Research, will 
summarize, in the usual brief fashion, current research projects relating to 





concrete. 


The panel discussion, with an entirely new cast of concrete experts, 


will emphasize the problems on the small concrete job. 


Prestressed concrete 

The relative economy of conventional and 
prestressed reinforced reservoirs 
will be discussed by G. C. Ernst, C. O. 
Brunken and A. R. Riveland, University of 
Nebraska, Lincoln, Neb. <A feature of their 
study is the number of different designs con- 


concrete 


sidered; 260 complete reservoir and wall 
designs being analyzed. From this mass of 
data the authors find that prestressed con- 
erete reservoirs have a lower first cost than 
conventional concrete if the unit cost of the 
prestressed wall in place does not exceed 
approximately twice that for the conventional 
wall. 
be more 


Above ground reservoirs are found to 
than 
reservoirs in capacities less than 2.5 million 


economical underground 
gallons. 

In many past papers on prestressed con- 
crete emphasis has been on theoretical design 
considerations. Clair L. 
Pontiac, Michigan, however, 


Johnson, Johnson 
and Anderson, 
deals with the problems in translating the 
design into the finished structure. He tells 
of difficulties with a multiplicity of special 
shape blocks which greatly complicated their 
manufacture on block 
machines. fevisions in design eliminated 


standard concrete 
this difficulty and changes in erection tech- 
nigue reduced block breakage and made 
grouting easier. 


Curing 

Since curing of concrete has an important 
bearing on its strength and durability a 
round-table discussion of this phase of con- 
crete construction is sponsored by Committee 


612, Recommended Practice for 


Concrete, Mark Morris, chairman. 


Curing 


As a prelude to other papers to follow, 
A. G. Timms, National Bureau of Standards, 
Washington, D. C., will review present 
thinking on the fundamental principles of 
curing. He will consider the various general 
means of controlling moisture and temper- 
ature in new conerete and the effect of these 
factors on the characteristics of the cured 
Curing methods fall into 
classifications; that supply 
water throughout the early hydration process 
and tend to maintain a uniform temperature 


concrete. two 


general those 


by ponding, sprinkling, application of wet 
burlap or cotton mats, wet earth, sawdust, 
hay or straw; and those designed to prevent 
water but little 
maintaining a uniform temperature. 


influence in 
The 
latter include the application of waterproof 
paper or impermeable membranes. 

D. L. Bureau of Materials, 
Missouri State Highway Dept., Jefferson 
City, Mo., will report on methods of curing 
permitted 


loss of have 


Robinson, 


under current state 


department specifications. 


highway 
Saturated cover- 
ings of cotton felt or jute mats or two thick- 
nesses of burlap are almost universally per- 
mitted. 
with waterproof paper, saturated, earth or 


Other types discussed are covering 


ponding, sealing with membranes and cover- 
ing with hay or straw. 

Factors in curing structural concrete will 
be summarized by H. J. Gilkey, Iowa State 
Where and how these 
differ from those for other types of concrete 


College, Ames, Iowa. 


Continued on p. 6 
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‘PRESS-UR-METER (<) 


FOR TESTING AIR ENTRAINED CONCRETE v 


COMPACT . FAST . CONVENIENT 


GUARANTEED ACCURACY 


SAMPLE REMAINS INTACT: Small amount of 
water used in test permits using same sample for 
slump and compression tests. 


Now in World-Wide Use! 


Universal acceptance: U.S. Bur. of Recl., Army, 
Navy, Public Roads; many St. Highway Depts., Com- 
mercial Laboratories, Ready Mix Plants; Major Proj- 
ects in N. & S. America, Europe and Asia. SPECIFIC 
GRAVITY and MOISTURE DETERMINATIONS 
of aggregates quickly made using the NEW CHART 
now furnished with the PRESS-UR-METER. LET 
US TELL YOU about this important extra value of 
the PRESS-UR-METER for testing and designing 
concrete mixes. 








For complete information, write to ae 


CHARLES R. WATTS & co. Eudusies il 


agents 
4121 - 6th Ave. N. W. Seattle 7, Wash. 9 

; e 
Program highlights give their advantages and disadvantages and 
Continued from p. 4 reasons for their increased use under various 
will be pointed out. Current practices, Croumatances. 
especially form removal and temperature Durability 
and moisture control in cold weather, will be A group of papers on durability of concrete 


discussed. will report on problems peculiar to pavements 
The specialized requirements for curing and railroad and hydraulic structures. 
mass concrete will be presented by W. R. Frank H. Jackson, Bureau of Public Roads, 
Johnson, Corps of Engineers, Portland, Ore., Washington, D. C., will define structural 
and Roy W. Carlson, consulting engineer, performance and durability as applied to 
Berkeley, Calif. Water and membrane  eoncrete pavements. The role of air en- 
curing will be discussed and data given on trainment and the effect of other factors on 
protection afforded by tarpaulins and wood the durability of pavements, particularly in 
and steel forms to concrete placed at low the northern states, will be emphasized. 
temperatures. Two papers will report on the durability 
The use of white-pigmented liquid sealing of concrete in hydraulic structures. L. H. 
compounds in thé curing of canal linings will —‘Tuthill, Bureau of Reclamation, Denver, 
be reported by G. E. Burnett, Bureau of  (Colo., will discuss the necessity for controlling 
Reclamation, Denver, Colo. Good material, yolume change and providing impermeability 
proper time of application, adequate film jn hydraulic works. Mix design, placement 
thickness and uniform coverage are important methods, use of admixtures and _ other 


factors in this type of curing. measures to increase serviceability will be 
In closing the round-table discussion of considered. 
curing, H. C. Vollmer, Emergency Trans- Byram W. Steele, consulting engineer, 


portation Dept., Washington, D. C., will Miami, Fla., for many years with the Corps 
ist and describe available curing agents and of Engineers, will propose measures for 
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increasing the impermeability of hydraulic 
structures and thus increasing their service 
life. 

C. B. Porter, Chesapeake and Ohio Rail- 
way, Richmond, Va., will summarize results 
of a survey of the general condition of con- 
crete railroad structures and report on the 
progress of a research program on surface 
waterproofers. 

Further information on field studies of 
durability of railroad concrete will be supplied 
by R. W. Gilmore, Baltimore and Ohio 
Railroad, Cincinnati, Ohio. Design modi- 
fications and changes in construction and 
maintenance procedures to prolong the useful 
life of railroad structures will be reviewed. 
Ultimate load design 

This important session on the background 
and application of ultimate design methods 
will be introduced by Leo H. Corning, 
Portland Cement Assn., who will be followed 
by Boyd G. Anderson, Ammann and Whitney, 
New York, N. Y. Mr. Anderson will discuss 
the reasons for this design procedure. 

Eivind Hognestad, University of Illinois; 
Urbana, IIl., will trace the development of 
design methods for reinforced concrete 
structural members through the three stages 
of an engineering science and discuss various 
ultimate design equations in relation to the 
three prevailing philosophies of failure. 

C. P. Siess will describe tests to determine 
the manner of failure and ultimate strength 
of reinforced concrete structural members. 
Emphasis will be on tests in the United 
States, but foreign tests will also be 
mentioned. Available test data will be re- 
viewed and evaluated and the additional 
data needed will be considered. s 

The practical application of ultimate load 
theories to the design of sections will be 
demonstrated by Raymond C. Reese, con- 
sulting engineer, Toledo, Ohio. Designs 
will be developed for slabs and beams and 
for columns with and without bending by 
the conventional and ultimate load design 
methods. T. Y. Lin, University of California, 
Berkeley, California, will compare load 
factors in ultimate design and allowable 
stresses in conventional design. The basis 
for the determination of load factors will be 
considered and tentative recommendations 
for their selection will be made. 











| GET THESE ADVANTAGES 
| BY ADDING 


| SOLVAY 


CALCIUM 
CHLORIDE 
TO YOUR CONCRETE 





* Cuts setting time in half. 


* Reduces curing period; permits 
quicker use. 


* Increases both early and ulti- 
mate strength. 





tures. 


| 
* Can be used with regular, air {|| 
entrained, high early, colored | 


| 
| 
| 

* Offsets effects of low tempera- 

} } 

or low heat cement. \| | 











¥ ADDS_ EXTRA STRENGTH 
V¥ SPEEDS OPERATIONS 
 ¥ CUTS DELAYS 


DETAILS. “The Effects of 
Calcium Chloride on Port- 
land Cement” is offered 
by Solvay to architects, 
engineers, contractors — 
anyone who works with i 
concrete. It is filled with porTiamo [ama 

authentic information and cemeny r 

answers all your questions 
about the use of Calcium 
Chloride in concrete. For 
your free copy, write on 
your business letterhead. 


FREE BOOK GIVES FULL | i 


CALCIUM 


CHLORiog S| 





SOLVAY SALES DIVISION 


Allied Chemical & Dye Corporation 
40 RECTOR STREET. NEW YORK 6, N. Y. 


Dept. JC-2 
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Materials and properties 

Studies made at the Waterways Experiment 
Station, Jackson, Miss., on thermal expansion 
of aggregates and its relation to concrete 
durability will be summarized by Edwin J. 
Callan. Methods used for the rapid, simple 
determination of the thermal coefficients of 
fine and coarse aggregate will be described 
and the application of these data to the 
development of durability factors for con- 
cretes indicated. 

A study of the effect of temperature changes 
on concrete as influenced by aggregates will 
be reported by Delmar Bloem, Stanton 
Walker and W. G. Mullen, National Sand 
and Gravel Assn., Washington, D. C. A 
number of conclusions on the relationships 
developed will be presented. 

Although calcium chloride has been used 
for many years to accelerate early strength 
of concrete its effect on other properties are 
not as well known. J. J. Shideler, Bureau of 
Reclamation, Colo., will 
test results on the effect of type of cement, 


Denver, present 
age, temperature and mix proportions on 
the strength of concrete as well as the effect 
of calcium chloride on volume change, heat 
generation, time of set, alkali-aggregate 
reaction, resistance to abrasion and sulfate 
attack of concrete. 

C. H. Scholer and G. M. Smith, Kansas 
State College, Manhattan, Kan., will de- 
scribe laboratory tests of beam specimens in 
which 20 to 30 percent of the cement was 
replaced by fly ash. Fly ash effectively 
inhibited cement-aggregate reaction in the 
concrete while improving workability and 
finishing. 


Design 

Field practice in lightweight eoncrete will 
be discussed by J. A. Murlin of George L. 
Dahl, Architects and Engineers, and Cedric 
Willson, Industries, Dallas, Texas. 
Concrete made with expanded shale and clay 


Texas 


aggregates will be compared with that made 
with other lightweight and the 
usual heavier materials. The design of 
lightweight structural members and_ their 
economy in comparison with heavy concrete 
will be considered with due regard to the 


materials 


cost differential between the two materials. 
For economical design of concrete beams 


Herbert A. Sawyer, Jr., University of 


February 1952 
Connecticut, Storrs, Conn., will present 
charts and relationships from which cross- 
sectional dimensions for maximum economy 
of materials of a beam or slab may be de- 
termined for a given span and loading. 

James P. Michalos, Iowa State College, 
Ames, Iowa, will give a numerical procedure 
for the analysis of single-span skewed rigid 
frames and arches subjected to loads or 
deformations in any direction. 

Arthur R. Anderson, consulting engineer, 
Tacoma, Wash., will describe tests of slabs 
reinforced with wire mesh and give data on 
the bond developed between the wire and 
the slab well as the ultimate 
strength developed in the mesh itself. 


concrete as 


Construction 
Applications of 
number of 


vacuum concrete to a 
types of structure in 
European and North African countries will 
be shown by K. P. Billner, Vacuum Concrete 
Corp., Philadelphia, Pa. 


several 


Proper use of concrete in small building 
construction will be discussed by C. O. 
Christenson, National Assn. of 
Builders, Washington, D. C. 
be on the application of lightweight aggre- 
gates, manufacture and use of prefabricated 
building elements, and the control of concrete 


Home 
Emphasis will 


quality in small building work where the 
services of a concrete expert usually are not 
available. 

L. H. Tuthill, R. E. Glover, C. H. Spencer 
and W. B. Bierce, Bureau of Reclamation, 
Denver, Colo., will tell about their studies 
of insulation for protection of new concrete 
in winter. Insulation of forms eliminated 
special enclosures, fuel costs, and the danger 
of fires with a resultant reduction in cost. 

A sound movie produced by the Centriline 
Corp., New York, N. Y., will 
preparation and lining of pipes with mortar 
by a machine process. 


show the 


Research session 

The annual open Committee 
115, Research, will feature the usual brief 
reports of interesting research projects now 
in progress. 


session of 


Described will be preliminary 
results On fatigue tests of concrete beams, 
weathering and freezing and thawing tests, 
impulsive loading, stress distribution, and 
volumetric changes. 

Continued on p. 10 
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The Sam Mitchell 
State Office Buiiding 
in Helena, Montana. 
Protex concrete was 
supplied by the Hel- 
ena Sand and Gravel 
Company of Helena. 


| Protects 


the 
Concrete! 


Protex is the world’s 
leading name in Air 
Entraining Agents. 
Protex solution tri- 
umphs in large dams, 
buildings and _high- 
ways, the world over. 
Proved economy and 
durability are within 
your reach. Tens of 
millions of yards of 
placed PROTEX Concrete all over the 
world can’t be wrong. Prove its worth 
and save by specifying PROTEX today. 
Phone, write or wire for full details. 
Widely accepted and used on Corps of 
Engineers, Bureau of Reclamation and 
Bureau of Public Roads everywhere. 


Photo showing work on Denver-Boulder Turn- 


pike by Western Contracting Company. Protex AUTOLENE LUBRICANTS COMPANY 


1331 West Evans Ave. 











| 
Air Entraining Solution is being used in all of 
the concrete used in the Turnpike. Denver, Colorado 
Please send the new revised edition of “Modern 
| Placement of Concrete”’ 
PROTEX DISPENSERS AND AIR METER | 
AVAILABLE | 
Accurate Control—Low in Price.. | Name 
| Address 
AUTOLENE LUBRICANTS CO. | 
1331 WEST EVANS AVE. + DENVER, COLO. | #7 State. 
| 
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PROFESSIONAL CARD 
L. COFF, Consulting Engineer 


198 Broadway, New York 7, N. Y. 
PRESTRESSED 
CONCRETE STRUCTURES 
Design, Estimates, 
Construction Methods, Supervision 








Program highlights 


Continued from p. 8 


Panel discussion 

Past president H. J. Gilkey will guide a 
panel of experts in a discussion of problems 
relating to concrete work. Emphasis this 
year will be on questions dealing with the 
small concrete job. 


Bylaws changes 

A number of changes in the Bylaws of the 
Institute will be presented for consideration 
by the convention. 
activities of the honorary membership com- 
mittee are spelled out in greater detail with 
an added requirement that the committee 


The composition and 


February 1952 


submit an annual report to the Board of 
Direction each year, whether or not honorary 
members are proposed. Under the same 
article the various classes of members and 
their privileges are clarified. 

Section 1 of the article pertaining to officers 
of the Institute forth the 
which they attain their positions. 
for the 


sets manner in 
Provisions 
appointment of the Secretary- 
Treasurer place him in office at the pleasure 
of the Board of Direction rather than on 
an annual basis as provided in the present 
Bylaws. The composition of the proposed 
Board of Direction puts the 
Treasurer in the role of an advisor rather 
than his present position as a 
the Board. 

Further proposals are editorial changes in 
the provisions for additional nomination of 


Secretary- 


member of 


officers and members of the committee on 
nominations, vacancies in offices, and the 
removal of the Secretary-Treasurer from the 
Executive Committee. 

Editorial changes are proposed in articles 
specifying meetings of the Board of Direction 
and the date for canvassing letter ballots. 


EXPERTS FOR CONVENTION PANEL DISCUSSION 
By H. J. GILKEY* 


The following men are scheduled to serve 
as the “Board of Experts’’ for the convention 
panel session, Thursday afternoon, February 
28: 

M. D. Carron 
Portland Cement Assn., Chicago, Ill. 
R. E. Cope,anp 
National Concrete Masonry Assn., 
Chicago, Il. 
R. W. GruMorE 
Baltimore and Ohio R., R., Cincin- 
nati, Ohio 
Epwarp C. HarpinG 
Edward C. Harding Co., Cincinnati, 
Ohio 
Ervinp HoGNEsTAD 
University of Illinois, Urbana, IIl. 
Cuar.es T. KENNEDY 


Ferro Concrete Construction Co., 
Cincinnati, Ohio 

F. N. MENEFEE 
University of Michigan, Ann Arbor, 
Mich. 


*Chairman, panel session. 


Nouan D. MircHeiyi 
National Bureau of Standards, Wash- 
ington, D. C. 
J. A. Muriin 
Geo. L. Dahl, Architects and Engi- 
neers, Dallas, Tex. 
Joun P. THompson 
Portland Cement Assn., Chicago, III. 
C. E. WurerPe. 
Marquette Cement Manufacturing 
Co., Chicago, Ill. 


The final list was arrived at through an 
interesting series of operations involving 
elimination, selection and circumstance. 

From an initial circularization of members 
of the Board of Direction and others for 
suggestions, there was assembled a sizeable 
compilation representing a wide range of 
concrete specialties, professional affiliation 
and geographical distribution. 

Eliminated -immediately was every man 
who had served as a member of either of the 
two preceding convention panel groups, after 

Continued on p. 29 
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The Centennial of Engineering, 1952 


The Centennial of Engineering, in which 
48 national and international engineering 
societies will participate with special cere- 
monies, will mark the 100th birthday of the 
formal establishment of engineering in this 
country as distinct from military engineering 
on a recognized professional career basis. It 
was in 1852 that the need of an organization 
where engineers might share their ideas and 
the results of their work was realized in the 
founding of the American Society of Civil 
Engineers. The term “civil” had another 
connotation than that of today. It was 
used to differentiate the work of the civilian 
engineer from that of the military engineer. 

The Centennial celebration is planned in 
three major parts: 

1) The greatest convocation of engineers 
ever assembled with 48 or more technical 
societies with a combined membership 
of over 300,000 meeting jointly in 
Chicago between September 3 and 
September 15, 1952. 


2) A dynamic exhibit at the Museum of 
Science and Industry, to remain for five 
years or more, epitomizing all engineer- 
ing progress and its effects on our way 
of life. More than 8 million people are 
expected to visit the exhibit. 


3) A dramatic presentation to tell the 
story to the general public. It will run 
through the summer months of 1952 
and will portray factually and with real 
equipment civilization’s march forward, 
particularly in this last century of 
engineered progress. 


The main purposes of the Centennial have 
been summed up by Lennox R. Lohr, presi- 
dent, Centennial of Engineering, 1952, Inc., 


as: 


1) Make known the contributions of our 
engineers in peace and war to our national 
progress. 

2) To personalize the engineer in his 
true role. e 
3) To stimulate young men to study 
engineering to fill the future’s great need 
for technically trained men in research 
and industry. 


4) To depict the role of industry with 
its mass production as essential to our 
high standard of living and its depend- 
ence on engineering and on management 
to maintain and increase our prosperity. 


ACI participation planned early 

The American Concrete Institute was one 
of the first of the many invited societies to 
list itself among the participants. At its fall 
meeting in October 1950 the Board agreed to 
participate and at its annual meeting in San 
Francisco in 1951, committed itself definitely 
to hold the 1952 regional meeting at Chicago. 

ACI Directors H. C. Delzell and C. E. 
Wuerpel have been named chairmen of 
ACI’s general arrangements and technical 
program committees, respectively. By virtue 
of these responsibilities they are members of 
the Centennial of Engineering General 
Arrangements Co-ordinating Committee and 
Technical Program Co-ordinating Committee. 

Evidence that ACI’s part in the convo- 
cation will be substantial and well planned 
will be found in the following letter received 
from the Technical Program Committee. 


“Dear Mr. Whipple: 


There follows the tentative technical 
program which has been developed by this 
committee for joint sponsorship by the ACI 
and the ASCE for sessions to be held on 
September 1ith and 12th, 1952, during the 
Centennial of Engineering: 

‘September 10th—Registration at the 
Hotel Conrad Hilton (the Stevens) and trips 
to the Museum of Science and Industry to 
view the extremely interesting exhibit epito- 
mizing all engineering progress in the past 
century and its effects on our way of life. 
Also, the International Engineering Banquet 
will be held that night, at which the principal 
speaker is expected to be Herbert Hoover, 
and at which other outstanding personalities 
associated with engineering progress will 
speak. 

‘September 11th—Joint Session of ACI 
and ASCE on Prestressed Concrete. The 
session is to be in two parts, from 9:30 a.m. 
to 12:00 noon and from 2:00 to 4:30 p.m. 





A. E. Cummings, Director of Research, 
Raymond Concrete Pile Company, New 
York, Chairman of the Joint Committee of 
ACI and ASCE on Prestressed Concrete, has 
consented to be Chairman of this all-day 
session. 

‘Professor M. J. Holley, Jr., of Massa- 
chusetts Institute of Technology has con- 
sented to open the program with a paper 
discussing prestressed concrete in general; 
its development in Europe and in this 
country; and generally to bridge the gap 
between the First U. 8. Conference on Pre- 
stressed Concrete held during September, 
1951, at M.L.T. 

‘Tentative arrangements have been com- 
pleted for about seven additional papers on 
various aspects of the design, construction, 
and use of prestressed concrete in the United 
States. 
the 
Precast and Thin 


‘September 12th—Joint Session of 
ACI and the ASCE on 
Shell Concrete Design 
Approximately eight papers averaging about 
25 minutes each with provision for “‘planted”’ 
active, but limited, discussion to break the 
monotony of presentation. from 
9:30 to 12:00 noon and from 2:00 to 4:30 p.m. 
Mr. Stewart Mitchell, Principal Bridge Engi- 
neer, California Highway Department, a 
member of ACI, and new Chairman of the 
Structural Division of ASCE, has accepted 
our invitation to serve as Chairman. 

‘There is no doubt that the 
Centennial of Engineering, the Convocation 


and Construction. 


Sessions 


room for 


of Engineers, during the period September 
3-13, 1952, and the ACT regional meeting on 
September 10, 11, and 12 will be affairs of 
unrivaled interest to all of this 
Institute and to the engineering and con- 
structing fraternity.” 


members 


Yours very truly, 
Technical Program Committee 
CEB Wuerpel, Chairman 
A. E. Cummings 
L. H. Corning 
Prof. M. J. Holley, Jr. 
H. F. Thomson, ex officio 


Headquarters at the Conrad Hilton 


The ACI regional meeting headquarters 
will be 


the Conrad Hilton Hotel. Other 
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societies with headquarters at the Conrad 
Hilton will be: American Society of Civil 
Engineers, American Institute of Consulting 
Engineers, Engineers Council for Professional 
Development, the National Council of State 
Boards of Engineering Examiners, the Society 
of American Military Engineers. 

ACI members desiring to make room reser- 
vations in advance for the period of the Con- 
vocation, September 3-13, 1952, are urged 
to write directly to the Conrad Hilton Hotel, 
Chicago, Ill., noting that the request is in 
connection with ACI 
regional meeting. 


attendance at the 


Concrete Industry Board for quality 
improvement 

Engineers, architects, material suppliers, 
inspection firms, contractors and technical 
societies concerned with concrete construction 
have set up a Concrete Industry Board in 
New York City to improve the quality of 
reinforced concrete the 
metropolitan area. 

The board is sponsored by the Cement 
League, a component of the Building Trades 
Employers Assn., which deals mainly with 
labor-management problems. 

Roger H. Corbetta, president of Corbetta 
Construction Co., is chairman of the board; 
John F. Hall, district engineer, Portland 
Cement Assn., is secretary; and Dugald J. 
Cameron, Fireproof Products Co., is treasurer. 
Members of the board of directors of the 
organization are being appointed by ACT, 
AIA, ASCE, CRSI, PCA, Ready-Mix Con- 
crete Producers, Structural Engineers Society, 
and testing laboratories. 


construction in 


ASTM Committee Week | 


More than 50 ASTM committees are 
planning to meet during ASTM Committee 
Week, March 3-7, 1952, at the Hotel Statler, 
Cleveland, Ohio. Some of the committees 
intending to meet are ASTM Committees 
C-1, Cement; C-9, Concrete and Concrete 
Aggregates; and D-4 Road and Paving Ma- 
terials. A basic purpose of Committee 
Week is to permit a large number of men 
who serve on different committees to attend 
meetings of these frequently diverse groups 
in a concentrated period. 
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Two views of the Horseshoe Dam, said to have 
world’s largest radial gates—about 50 miles from 


Phoenix, Arizona. 


N the construction of the Horseshoe 

Dam, builders faced the problem 

of obtaining satisfactory placeability, 

yet maintaining designed strength, in 

the comparatively thin sections of the 

piers which were heavy with steel 
reinforcement. 


The builders’ knowledge of the ability 
of Pozzolith — the cement dispersing 
agent —to improve plasticity even 
though water is reduced as much as 
15%, assured them that it was the 
answer. 


In addition to providing the most 
economical solution to the placing 


‘2 MASTER 
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is 
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problem, Pozzolith produced good co- 
hesiveness, thereby minimizing 
finishing costs. 


Increased bond of concrete to steel 
and great durability were other 
benefits obtained with Pozzolith. 


Close fitting pre-cast bascule weights 
which counterbalance the radial gates, 
also I-beam seal at bottom of gates, 
were precision grouted with another 
Master Builders’ cement dispersion 
produect—EM BECO—which produces 
non-shrink grout of high strength. 


BUILDERS @ 





CLEVELAND 3, OHIO 





Subsidiary of American-Marietta Company 


TORONTO, ONTARIO 
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Symposium on Laboratory Design for Handling Radioactive Materials 


By NOLAN D. MITCHELL* 


A symposium sponsored by AIA and the Atomic Energy Commission was 
held under the auspices of the Building Research Advisory Board of the 
National Research Council at the National Academy of Sciences on November 
27-28, 1951. 

A large proportion of the subject matter related to projects of the Atomic 
Energy Commission and of contractors to that organization. The extent of 
interest in the subject is indicated by the report that there are now about 
1500 laboratories, hospitals and clinics using radioactive materials. It was 
also reported that the number of users is growing at an accelerating rate. 

Concrete construction was predominant among the examples shown and 
was also used as the protective screening material wherever space permitted. 
Those describing recently constructed projects emphasized the desirability 
of having the building designed to permit the ready removal or relocation of 
partitions and equipment for changes necessitated by unforeseen develop- 
ments. Modules of 4 or 8 ft were suggested as being desirable to guide initial 
layout of the structural work. 

Examples of laboratory buildings shown had clear spans of 24 ft with 
level and continuous ceilings. This allowed placing movable partitions at 
any desired location. The module for equipment or space could be 24 ft or 
any fraction thereof. 

Those experienced in laboratory work stressed the desirability of liberal 
space allotment since distance provided excellent protection. The “hot” 
areas should be kept at a distance from the places where other work is being 
carried on. 

Rapid extension of the use of radioactive materials in many lines of re- 
search and industry makes necessary a wide dissemination of information on 
laboratory techniques and laboratory design if such work is to be done safely. 
By means of this symposium, the sponsoring agencies and the Building Re- 
search Advisory Board have made available to the interested professions a 
fund of information developed through practice and experience. It is the 
intention of the Building Research Advisory Board to publish the material 
presented. 

The total registration for the meeting was 232. Approximately one-fourth 
of the registrants were architects and another fourth represented research 
laboratories. Eight of the registrants represented three Canadian govern- 
mental organizations. 

The Current Reviews section of the ACI JourRNAL will contain reviews of 
the various papers presented at, the symposium as they become available. 


*ACI representative, consultant, Building Technology Division, National Bureau of Standards, Washington 25, 


D. C 
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When you specify Bethlehem Reinforcing 
Bars, you get new-billet steel, carefully fabricated 
in our own shops to meet the exact specifications 
of your job. 

Bethlehem Bars of all sizes are first sheared to 
the proper length and then accurately shaped on 
bending machines. They reach your job-site 
bundled, tagged, and with bar lists included. 

Specially designed lugs—high and closely 
spaced—give Bethlehem Reinforcing Bars firm 
anchorage in concrete. These lugs minimize slip- 
page at working loads and help prevent wide 
tensile cracks. 

Remember Bethlehem’s fabricating service on 
your next concreting job. Our nearest sales office 
will be glad to furnish more information. Or write 
to us at Bethlehem, Pa. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 
On the Pacific Coast Bethlehem products are sold by Bethlehem Pacific Coast 


Steel Corporation. Export Distributor: Bethlehem Steel Export Corporation, 


BAR FABRICATING SHOPS: 


BOSTON, MASS. 
ELIZABETH, N. J. 
PHILADELPHIA, PA. 
JOHNSTOWN, PA. 
SPARROWS POINT, MD. 
LACKAWANNA, N. Y. 
CLEARING, ILL. 

ST. PAUL, MINN. 





BETHLEHEM REINFORCING BARS 
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James P. Michalos 

James P. Michalos, associate professor of 
civil engineering, Iowa State College, Ames, 
Iowa, is the author of “Analysis of Skewed 
tigid Frames and Arches,” p. 437. 

Professor Michalos has had extensive ex- 
perience with consulting firms, industry and 
TVA design, analysis and construction of 
various types of structures. Prior to joining 
the staff at lowa State College, he taught at 
Montana State College and Syracuse Uni- 
versity. 

Professor Michalos is a civil engineering 
graduate from the University of Wisconsin 
and received a master’s degree from North- 
western University. 

He has been affiliated with ACI since 1949 
and is a member of ACI Committee 314, 
tigid Frame Bridges. 


C. H. Scholer and G. M. Smith 

C. H. Scholer, professor of applied me- 
chanics, and G. M. Smith, assistant professor 
of applied mechanics, Kansas State College, 
Manhattan, Kans., describe “The Use of 
Chicago Fly Ash in Reducing Cement-Aggre- 
gate Reaction, p. 453. 

Professor Scholer has been an ACI member 
since 1924, and has been active on ACI Com- 
mittees 115, Research, and 215, Fatigue of 
Concrete. 

After receiving a BS degree in civil en- 
gineering from Kansas State College in 1914, 
he was head chainman, U. 8. General Land 
Office surveys, Santa Fe, N. “M., 1914-15; 
chainman, maintenance of way and realign- 
ment problems, Atchison, Topeka and Santa 
Fe R. R., Topeka, Kans., 1915-16; assistant 
engineer in charge of surveys and preparation 
of plans, and supervision of the construction 
of roads, pavements and bridges for the Ex- 
tension Division, Kansas State College, Man- 
hattan, 1916-17; bridge 
engineer in charge of the design and super- 


Kans., assistant 
vision of construction of highway bridges for 
the Kansas State 
1917-18; professor and head, Department of 
Applied Mechanics, since 1919 except for 


Highway Commission, 


L 


leave of absence to take charge of investiga- 
tional work in New York.and Pennsylvania 
for the Portland Cement 
1939 to September 1940. 

Professor Scho!er is associated with ASCE, 
NSPE, ASTM, ASEE, Kansas Engineering 
Society, tne Highway Research Board and 
has been honored by election to Sigma Xi 
and Phi Kappa Phi. 


Assn., February 


Professor Smith for the past three years 
has been responsible for the execution of the 
research program in a study of special con - 
crete problems related to the durability of 
concrete. Part of his time is also given to 
teaching undergraduate and graduate courses 
in the field of applied mechanics. 

He graduated from Kansas State College 
with a BS degree in mechanical engineering 
in 1947, and a master’s degree in applied 
mechanics in the spring of 1951. Professor 
Smith is a registered engineer in Kansas and 
a member of ACT. 


Henry J. Cowan 

“Direct Design of Rectangular Reinforced 
Concrete Columns with Bending About an 
Axis of Symmetry,” p. 465, is by Henry J. 
Cowan, department of civil engineering, 
University of Sheffield, Sheffield, England. 

Since 1948 he has been a lecturer in civil 
engineering in charge of the concrete lab- 
oratory at Sheffield, as well as special lecturer 
in architecture. A graduate of Manchester 
University, Mr. Cowan received his MS 
there in 1940. He served with the Royal 
Engineers until he was wounded in Holland 
in 1945. 

Returning to England, he was assistant 
engineer with Higgs and Hill, civil engineer- 
ing contractors of London, and later senior 
designer in structural and mechanical de- 
velopment with a subsidiary of Associated 
Light Metal Industries. Prior to joining the 
University of Sheffield staff he was assistant 
lecturer at the University of Wales, Cardiff, 
Wales. He is the author of papers on concrete 
and reinforced 


concrete design in several 


British publications. 
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Edwin J. Callan 

Edwin J. Callan, chief, Thermal Research 
and Field Durability Section, Concrete Re- 
search Division, Waterways Experiment 
Station, Vicksburg, Miss., contributes ‘“Ther- 
mal Expansion of Aggregates and Concrete 
Durability,” p. 485. 

Presently, Mr. Callan is engaged in studies 
of thermal and elastic properties of concretes 
and components, dynamic testing, weather- 
ing tests at both the laboratory and field 
exposure stations in Maine and Florida, 
and statistical analyses. 

Following graduation from Manhattan 
College in 1943, he was immediately called 
on active duty with the Chemical Warfare 
Service, U. 8. Army, and served in the United 
States and in the Mediterranean and Euro- 
pean theaters. After release, he accepted a 
position as physicist with the Central Con- 
crete Laboratory, Mt. Vernon, N. Y., and 
was transferred to the Concrete Research 
Division, Waterways Experiment Station, 
Jackson, Miss., in 1946. 

Mr. Callan has also taken additional 
courses in mathematics from the University 
of Chicago and military radiological and 
electronics courses. Presently, he is active 
in the U. §. Air Force Reserve and is a 
member of the American Physical Society, 
American Chemical Society, American Geo- 
physical Union and Society of American 
Military Engineers. 


George C. Ernst, C. O. Brunken and 
A. R. Riveland 

“Relative Economy of Prestressed and 
Conventional Reinforced Concrete Reser- 
voirs,” p. 505, is presented by George C. 
Ernst, C. O. Brunken and A. R. Riveland, 
department of civil engineering, University 
of Nebraska, Lincoln, Nebr. ‘ 

Professor Ernst graduated from the Uni- 
versity of Michigan in 1925 with a BS in 
civil engineering, and has been associated 
with academic work since 1930 at Towa State 
College, University of Maryland and Uni- 
versity of Nebraska. 

Professor Ernst is a registered professional 
engineer in Iowa. He is affiliated with ASCE, 
ASTM, SPEE, Sigma Xi, Tau Beta Pi and 
has been an ACI member since 1935. 

Mr. Brunken attended the University of 
Nebraska and received his BS degree in 


civil engineering in 1949 and his Master’s 
degree in 1951. Since 1949 he has been 
teaching in the Department of Civil Engineer- 
ing, University of Nebraska. 

Mr. Brunken currently is participating in 
experimental work on the testing of thin- 
shell members. He spent three summers 
surveying and inspecting bituminous and 
concrete materials. 

Mr. Riveland received a BS in civil engi- 
neering from the University of North Dakota 
in 1945. Following graduation he was 
employed by Lium and Burdick, Engineers, 
Grand Forks, N. D., for nearly two and 
one-half years. His duties entailed writing 
of specifications and estimating costs for 
municipal sanitary engineering projects, in- 
cluding concrete water storage reservoirs and 
water and sewage treatment plants. 

Since September 1949, Mr. Riveland has 
been an instructor in the Department of 
Civil Engineering, University of Nebraska. 
In addition to teaching, he is engaged in 
experimental work concerning thin-walled, 
reinforced concrete domes. 

New engineering program available at 
University of Michigan 

A new program leading to a BS degree in 
materials engineering is now available in the 
College of Engineering at the University of 
Michigan. 

The first-year program is identical with 
the schedule taken by all other engineering 
students. Specialization begins in the second 
year and becomes more intensive in later 
portions of the program. 

Materials studied include cements, wood, 
plywood, metals, rubber, plastics, etc. Em- 
phasis is placed upon the corrosion resistance 
of these materials and their various pro- 
tective coatings, such as paints, varnishes, 
lacquers and enamels. 

The new program is similar in many re- 
spects to metallurgical engineering except 
the materials engineer will take more ad- 
vanced mathematics, stress analysis, machine 
shop, machine design, specifications, cor- 
rosion and high temperature properties, and 
operations of fabrication. 

After graduation, materials engineers are 
eligible to study toward advanced degrees in 
chemical, metallurgical and other branches of 
engineering. 
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types of CP VIBRATORS 


for pneumatic or high-frequency elec- 
tric operation, handle all kinds of place- 


ments of mass or reinforced concrete. 





One-man pneumatic and high frequency electric, small diameter 
models for reinforced concrete, walls and columns, ete. 


One-man and two-man pneumatic and high frequency vibra- 
tors for mass concrete. 


Write for full information on complete line of CP Vibrators 


Cuicaco Pneumatic 


TOOL COMPANY 


Genero! Offices: 8 East 44th Street, New York 17, N.Y 





PNEUMATIC TOOLS © AIR COMPRESSORS © ELECTRIC TOOLS © DIESEL ENGINES 
ROCK DRILLS © HYDRAULIC TOOLS * VACUUM PUMPS © AVIATION ACCESSORIES 








ES 
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Positions and Projects — ACI Memlern 





Recent appointments to ACI technical 
committees 


Committee 325, Structural Design of Concrete 
Pavements for Highways and Airports 
Franklin B. Brown 

Managing Director 

Wire Reinforcement Institute 

1049 National Press Bldg. 

Washington 4, D. C. 


Committee 604, Winter Concreting Methods 


M. F. Macnaughton, chairman 
Vice-President 

Milton Hersey Co., Ltd. 

980 St. Antoine St. 

Montreal 3, Quebec 

Canada 


Lewis H. Tuthill 
Concrete Engineer 
Bureau of Reclamation 
Denver Federa] Center 
Denver, Colo. 


D. O. Robinson 

Chief Engineer, Dept. of Sales 
Canada Cement Co. Ltd. 

Room 1103, Bank of Montreal Bldg. 
50 Xing St. 

Toronto 1, Ont., Canada 


Committee 711, Precast Floor Sytsems for 
Houses 

Laurence G. Farrant 
Consulting Engineer 
908 Langford Bldg. 
Miami, Fla. 


Committee 716, High Pressure Steam Curing 
E. T. Andrews 

Vice-President 

Pennsylvania Glass Sand Corp. 


Hancock, W. Va. 


ASTM Committee C-1, Cement 
Stanton Walker, ACI representative 
Director of Engineering 

National Sand and Gravel Assn. 
1325 E St., N.W. 

Washington 4, D. C. 


Clayton appointed to post in India 

Kenneth W. Clayton, who left India two 
and a half years ago for further architectural 
studies in Australia, has obtained his Bachelor 
Degree of Architecture with the Associate- 
ship of the Royal Institute of British and 
Australian Architects and has just been 
appointed to the post of Assistant Professor 
of Architecture at the Bengel Engineering 
College, Caleutta, India. 


Rusk elected association president 

Herbert Rusk, president and _ general 
manager of Ready-Mixed Concrete, Inc., 
Mansfield, Ohio, was elected president of 
the Ohio Ready Mixed Concrete Assn. at 
its annual convention in Cincinnati. 


Loveland named works manager 

Russ A. Loveland has resigned as super- 
intendent of Plant No. 4, Pennsylvania- 
Dixie Cement Corp., Nazareth, Pa., to 
become works manager for Halliburton 
Portland Cement Co., Corpus Christi, Texas. 
Mr. Loveland has had more than 30 years’ 
experience in the cement industry, starting 
in 1920 as mix chemist at the Hanover, 
Mont., plant of the Three Forks Portland 
Cement Co. 


Vlad appointed research engineer 

Ernest J. Vlad, partner in Frank J. 
KXornacker and Associates, has been ap- 
pointed research engineer in the structural 
department at Armour Research Foundation 
of the Illinois Institute of Technology. 

Mr. Vlad has specialized in structural 
design and has had experience in ordnance. 
A graduate of the Illinois Institute of Tech- 
nology in 1947, he has been associated with 
Kornacker and Associates since that time. 

He is a member of ASCE and has been 
affiliated with ACI since 1947. 


S. L. Meyers 
S. L. Meyers, formerly chief chemist of 
Southwestern Portland Cement Co., El Paso, 
Texas, is now chief engineer of Peerless 
Cement Corp., Port Huron, Mich. 
Continued on p. 29 
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The steadily increasing use of Flex-Plane 
Mechanical equipment, the general accept- 
ance of Flex-Plane laboratory tested ideas in 
concrete slab laying, the library of more than 
150 patents on concrete installing methods 
stand symbolic of the important role Flex- 
Plane has played, and is playing, in a con- 
tinuous effort to provide better highways and 
airports the world over. 


Wherever you'll find super highways and 
superior landing strips you'll find concrete 
— and wherever there’s concrete — there’s 
Flex-Plane — the nation’s largest organization 
devoted exclusively to the manufacture of 
concrete highway and airport machinery. 


(SEE HELTZEL STEEL: FORM and IRON CO. AD ON PAGE 21) 
_THE FLEXIBLE ROAD JOINT MACHINE COMPANY, WARREN, OHIO 
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EQUIPMENT FOR THE CONCRETE INDUSTRY EXCLUSIVELY 

















Engineers long familiar with the HELTZEL name know it stands ‘for 
quality equipment—built better for America’s construction jobs large 
and small. But quality construction is only one factor of this Heltzel 
reputation. Quality engineering—advanced thinking—is equally im- 
portant. The results of Heltzel’s advanced thinking are evident today 
on construction jobs throughout the country. 


ACCURATE CONCRETE BATCHING—Heltzel, for instance, pioneered 
the adoption of springless dial scale equipment for batching plants 
back in the days when volume batching was universally standard. 
Today, this type of weigh batching is standard. Tomorrow, perhaps, 
the advanced automatic batching equipment now being designed by 
Heltzel may become the standard. method. 


Heltzel emphasis on superior batch control is nowhere better found 
than in the tubular cement valve, which is exclusive with all Heltzel 
cement handling equipment. 


Heltzel work with steel forms is another example of advanced de- 
sign. Heltzel was the first to engineer and build dual-duty forms; the 
first to develop perfected dowel holding devices for the forms. Today, 
Heltzel’s three types of airport forms permit engineers to design slabs 
up to 2 feet thick with the confidence that standard equipment is 
available for the job. 


The penetration of Heltzel’s advanced thinking is evident in the road 
building industry, in the ready mixed and concrete products fields— 
in fact, everywhere that concrete is used. 


© PORTABLE BULK CEMENT AND © STEEL FORMS FOR AIRPORT 
AGGREGATE BATCHING PLANTS AND HIGHWAY 

® STATIONARY BATCHING PLANTS ‘ 

© CEMENT AND AGGREGATE pane ban AND 
HANDLING SYSTEMS 

© BELT CONVEYORS © CONCRETE BUCKETS 


HELTZEL STEEL FORM & IRON COMPANY 


WARREN, OHIO 
‘SEE PAGE 20—THE FLEXIBLE ROAD JOINT MACHINE COMPANY 
e. An allied company producing mechanized paving equipment. 
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For every purpose to which Vibrators are applicable in the concrete construction industry, 
we are confident we can supply equipment that will give you not only the best and fastest 
placement, but also the maximum of dependability and trouble-free service. Pioneers and 
outstanding developers of vibratory equipment, our complete line includes internal and 
external vibrators for: General Construction * Light Construction * Mass Concrete Dam 
Construction * Hard-to-get-at Places * Form Vibrating * Floors, Streets and Highways * 
Pipe Manufacturing * Movement of Materials—Vibratory Tables—Thorough soil compac- 
tion of bridge approaches, similar fills and ccencrete floor sub-bases, etc. Drop us a line for 
complete information. 
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*JACKSON SIDE FORM VIBRATOR 


Eliminates manual vibrating of concrete at side forms. 
Saves the better part of two men’s labor. Mounts 
on any modern finisher or spreader. Employs two or 
more vibratory units that are simultaneously lowered 
into or raised from the concrete by the finisher operator. 
Units operate close to forms or reinforcement without 
fouling—ride over any obstruction encountered. Will 
not penetrate into sub-base. Assure thorough com- 
paction regardless of speed of finisher or spreader. No 
spots are missed. Vibratory motors are integral with 
vibratory unit, transmitting vibration directly to 
loops of steel, thus eliminating all flexible shafting. 
Rugged, reliable and long lasting. 


tJACKSON ELECTRIC CONCRETE 
VIBRATOR 





The Jackson Model FS-150A Electric, flexible shaft 
vibrator is an extremely advantageous vibrator for all 
general concrete construction. Its 244 HP universal 
motor provides plenty of power to handle the stiffest 
mixes with the maximum length of shaft (28’). It 
may be operated from any light-socket, fused to 30 
amps, supplying 115 volt, single phase AC or DC, or 
Jackson Portable Power Plant. 8,000 to 10,000 VPM. 
Choice of 3 vibrator heads. Easily converted to wet 
or dry grinding. Convenient, easy to handle. 





jJACKSON PORTABLE POWER 
PLANTS 


The most rugged, reliable plants in existence. Pow- 
ered by nationally renowned engines, equipped with 
permanent-magnet generators which require no main- 
tenance or adjustment, they produce both single 
phase and 3-phase 115 volt, 60 cycle AC. Ideal for 
operating all Jackson vibrators, contractor’s power 
tools and lights. Three models: rated 1.25, 2.5 and 
5 KVA (at unity power factor) in single phase, and 
1.5, 2.5 and 7.5 KVA (at unity power factor) in 
3-phase. The largest model is trailer-mounted for 
easy mobility. Skid mounting of all models is optional. 
Model M-2 (2.5 KVA) illustrated. 


"ELECTRIC TAMPER & EQUIPMENT CO. — and 
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The te Vibrator Prob 
Conroe ST Advantoce™ 


{JACKSON FLEXIBLE SHAFT 
VIBRATOR 


Compact and powerful (6 HP engine of national re- 
nown) built to take severe usage. Available with 
vibrator heads in 3 sizes and flexible shafting in 7’ and 
14’ lengths up to 28’. Full-swivel, dirt-proof base. 
Furnished with or without wheelbarrow mounting. 
Frequency is instantly adjustable over a wide range. 
May be quickly converted to wet or dry grinding and 
drilling. An excellent vibrator for general construction 
work. Model FS-6A. 


*JACKSON VIBRATORY 
COMPACTOR 


Nothing equals this machine for fast and thorough 
compaction of granular soils in those areas adjacent to: 
BRIDGES — CULVERTS — STRUCTURES — 
ABUTMENTS — UNDER FACTORY FLOORS 
— SIDEWALKS — RAMPS — MUNICIPAL 
PAVEMENTS — EARTH-FILL DAMS 
— TRENCHES — AND MANY OTHER PLACES. 
It is far faster and better than hand tamping and 
can be used in many places inaccessible to rollers. 
Achieves up to 95% of maximum density in a 
SINGLE PASS. Propels itself under normal condi- 
tions. Firmly compacts 15 to 18 sq. ft. per minute 
to a depth of 12”. Easily portable. Time-tested 
vibratory motor—3 phase, 110 volt, 60 cycle AC. 
Two of these machines may be operated simultane- 
ously by Jackson Power Plant. 








*JACKSON VIBRATORY SCREED 


Unequalled for municipal paving, highway widening and patching, bridge decks; etc. Will 
undercut at side forms, roll back for second passes, strike off crowns, both regular and in- 





“JACKSON VIBRATORS, Inc. 


verted, permit operators to work 
from front, rear or sides. Has such 
strong tendency tc propel itself that 
only small effort is necessary to 
strike off stiff mixes. Works right 
up to and around sewers, manholes 
and other obstructions. Does an 
excellent job of vibrating concrete 
to depth of 10 inches on any slab 
from 6 feet to any practical width 
Full slabs up to 30 feet may be 
poured without center joints. 


_ Powered by Jackson Power 


Plant. 


- Ludington, Mich. 
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NOW...TWO BALDWIN 





Recently redesigned to separate the 
loading and weighing units, this 
modern 100,000 lb. Baldwin Con- 
crete Tester offers new precision and 
safety in operation, new attractive- 
ness in appearance. é 

The two-unit design prevents 
transmission of load shocks to the 
indicator, and also keeps the oper- 
ator out of range of flying particles 
from breaking specimens. Clear 
space is 17% inches between col- 
umns. Maximum opening between 


Testing 
Headquarters 


sized for the 





ram and upper platen is 22% inch. 
Ram travel is three inches, at speeds 
up to 1% inch per minute. 

Ranges on two dials are 0-100,000 
and 0-10,000 Ibs., graduated in 200 
and 20 lb. increments, respectively. 
Accuracy is within + 34% of indicated 
load, or 0.15% of full scale capacity, 


‘whichever is greater. 


This machine not only handles 
routine testing of 2 inch cubes and 
3x6 inch cylinders, but is suitable for 
many other uses. Ask for Cat. 327. 


BALDWIN 














NEWS LETTER 


CONCRETE TESTING MACHINES 


major testing assignments 





Especially suited to rapid, precise 
testing of standard concrete test speci- 
mens 3 x G inches, 6 x 12 inches 
and 8 x 16 inches, this 300,000 lb. 
Baldwin Concrete Tester can, by the 
addition of special bearing blocks, 
be immediately adapted for testing 
12 x 18 inch building blocks. 
Exposed piston surface is protected 
from dust and wear by bellows- 
action canvas cover. High range dial 
has 500 lb. divisions up to 300,000 
Ibs. Low range scale runs to 50,000 


Ibs. in 100 Ib. divisions. Loading and 
indicating units are separate, to elim- 
inate transmission of shock and 
eliminate operator hazard from flying 
or falling debris. For full details, 
ask for Bulletin 318. 


Eddystone Division 
Baldwin-Lima-Hamilton Corp. 
Philadelphia 42, Pa. 


In Canada: Peacock Bros., Ltd., Montreal, Quebec 


LIMA -HAMILTON 
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SOFFIT BLOCK 


(Filler for Floors and Roofs) i. 


% SOT ak. 


Opens Up New Markets Zz yes - 












@ FIRESAFE 
© PERMANENT o 

© RIGID Gives FLOORS and ROOFS 
® ECONOMICAL Lifetime Permanence... 
Cuts Construction Costs! 


~, 


Your profits will greatly increase by 
making and selling Soffit Filler Block 
for floors and roofs. Soffit Block 
enables your customers to make an 
ENTIRE structure firesafe and perma- 
nent, and do it economically. 


Illustration at left shows 
integral joist and slab of 
reinforced concrete. Meets 
standard building code re- 
quirements. Recommended 
by architects and builders. 


BESSER VIBRAPAC 


Soffit Filler Block are made on the same 

machine that produces quality concrete 

load-bearing block for walls, in all styles 

and sizes, using one set of Plain Pallets. 

Write for literature and names of: Vibra- 
pac plants making Soffit Block. 













eet | 
1 Ae fh 


* g 





BESSER MANUFACTURING CO. 


ALPENA, MICHIGAN, U.S. A. 
Complete Equipment for Concrete Products Plants 


P 6031-1P 
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FACTORY AND WAREHOUSE FLOORS 


SUCCESSFULLY RE-SURFACED 


It is practical and economical, through the Vannier method, 
to re-surface structurally sound concrete floors. 


<< METALLIC WEARING SURFACE 


“= NEW BONDED CONCRETE 
FINISH 


<= OLD STRUCTURAL SLAB 


ee. 


PHOTO OF CORE FROM 


iv VANNIER RE-SURFACED } 


CONCRETE FLOOR 





Cross Section of VANNIER Asphaltic 
Concrete Wearing Surface showing 
Aggregate Arrangement Designed to 
Carry Maximum Loads—both Moving 
and Static. 


The VANNIER METHOD 


of Re-surfacing Concrete with Concrete 








is practical, not only from the standpoint of 


TYPICAL DURABILITY but because of the important 
INSTALLATIONS SAVING IN TIME. The traii.ing and experience 
Fishes Gandy Ohtden G04 of our mobile field units, cooperating with pro- 

int, Mich. = 
© teats Pente. duction personnel, enable us to resurface floors 
Deferiet, N. Y. 


; in operating plants without interrupting production 
American Bakeries Co. 
Charlotte, N. C. schedules. 


Thatcher Mfg. Co. er P F 
Streeter, Ili. Send for descriptive, illustrated bulletins . . . or we 
ba 2 oe will be glad to make a survey of your floor condi- 








tions and submit recommendations and quotations. 


The VANNIER CO., Inc. 


CONTRACTORS. 
DESIGN e INDUSTRIAL FLOORS e CONSTRUCTION 


4430 BAILEY AVENUE BUFFALO 21,N.Y. Tel. AMherst 0828 
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Presenting a proven standard 
in AIR METERS! 


The 
Techkote White 
Air Meter... 


An outstanding new 
concept of functional 
efficiency in meters 
for measuring entrained 
air in concrete. 


It is unexcelled in : 
e 


precision construction bs 
and offers the following 
. * 
exclusive features: * 


CAPACITY 
NET WEIGHT ......... 


‘1. Inspectors Test Gauge—Maximum 6. Damage to pot rim will not affect 
accuracy positive seal 
7. Only 9 to 11 strokes required to 
produce initial pressure 
. No hazard. of premature release 
3. The Field Check Test Device is an of air into concrete chamber 
integral part of Meter. 9. Only 4 ounces of water required 


2. Gauge fully protected in aircraft- 
type shock-proof mounting 8 


: ‘ : to operate 
4. Lightest in weight — only 12 Ibs. 
ua ys . ; , 10. Streamlined Design — Easiest to 
5. 2-piece Clamping Device; Simple ' Handle—Fastest to Operate — 
—Fast—Positive Easiest to Clean 


TO BE SURE...USE THE FINEST! 





TECHKOTE ‘COMPANY 


820 West Manchester Avenue - Inglewood, California 





Continued from p. 10 

which the remainder were circularized re- 
garding attendance and willingness to serve 
if selected. 


By January 27 about sixty percent of the 
replies were in with a rather good surplus for 
choice in the interest of diversification. Some 
of the more distant prospects indicated in- 
ability to attend (as did some not so distant). 


Actually the session promises to be a three- 
panel affair: the “experts,’’ who will sit down 
front; the other “experts” who, for one or 
another of the several reasons mentioned, 
will be expected to perform from the audience 
as occasion offers; others of the ACI con- 
stituency which is, in fact, an aggregation 
of concrete experts. 


With a assortment of questions 
already in, with others arriving almost daily, 


wide 


and a strong panel of fresh faces (some of 
which the leader has not yet seen), the session 
promises to take its place as a worthy suc- 
cessor to those previously held, and to be 
one of the convention highlights. 





NEWS LETTER 


Continued from p. 19 


Gilliland appointed general chemist 
John L. Gilliland, Jr., formerly head of 
the chemical and cement laboratory of the 
Bureau of Reclamation, has been appointed 
general chemist for Ideal Cement Company’s 
research laboratory, Fort Collins, Colo. 


Mason contractors plan meeting 

The Association of 
America, Inc., is planning its annual con- 
vention and exhibit to be held at The Palmer 
House, Chicago, Ill., February 24-27, 1952. 

S. H. Westby, assistant manager, PCA 
Housing and Cement Products Bureau, will 
be one of the 


Mason Contractors’ 


principal speakers. Mr. 
Westby, a specialist in concrete masonry 
construction, will speak on “A Modern 
Approach to Concrete Masonry.” 


Gerald Pickett 

Gerald Pickett, formerly on the faculty of 
the Kansas State College of Agriculture and 
Applied Science, Manhattan, is now Professor 
of Mechanics, University of Wisconsin, Madi- 
son. 


FOR acting CONCRETE RESTORATION 


Specify GUN-APPLIED 
RESTO-CRETE* 


Typical example of spalling. Note 
corrosion of reinforcing rods exposed 


by disintegrating concrete. 





Reinforced with meshing, the area is 
[ restored with gun-applied RESTO- 
CRETE* by Western Waterproofing Co. 











by WESTERN WATERPROOFING CO. 


Sound engineering methods, finest materials, trained 
technicians and over 35 years’ experience assure the 
job will be done right when you specify Western. 
All work done under contract, fully insured, per- 
formance guaranteed. *T. M. Reg. 

@ Protection from Water Damage 

(above or below ground, interior or exterior) 
®@ Building Restoration @ Tuckpointing 


NO MATERIALS FOR SALE @ NATIONWIDE SERVICE 
for specific data, write: 


‘ ATERPROOFING co. 


‘Engineers and Contractors 
1223 Syndicate Trust Bldg. © St. Lovis 1, Mo. 
Branch Offices and Resident Engineers in Principal Cities 
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Preload Co. changes policy 

By a complete revision of its operation, 
Preload Co., Inc., New York, N. Y., now 
offers consulting services to any client who 
wishes to use prestressing, employing its 
own unrestricted systems of prestressing as 
a yardstick against which proprietary systems 
may be measured, thereby permitting clients 
to obtain competitive bids from general con- 
tractors, who on their level may choose 
competitively from among several prestress- 
ing systems. 


University of Illinois research on floor 
slabs 

The University of Illinois Small Homes 
Council is continuing its research studies on 
floor slabs so that definite recommendations 
on the design of foundations for concrete 
floor slabs can be made. The performance of 
floor slabs is being studied to determine the 
relation between movement, weather, mois- 
ture and soil type—all essential factors in 
establishing design and construction require- 
ments. 

While it is customary in northern areas to 
extend the foundation of a basementless 
house below the frost line, the merits of this 
practice have never been subjected to re- 
search scrutiny. Since such construction is a 
major cost factor in a small house, it is be- 
lieved that research might show how costs 
can be cut. 

The study is being made under a research 
grant to the University by Levitt and Sons, 
Ine. 


(OSE Fea a RS 
Clyde C. Pugh 


Clyde C. Pugh, assistant engineer, Hazel- 
Atlas Glass Co., Wheeling, W. Va., died 
recently. After graduating from West 
Virginia University in 1912, he joined the 
staff of the Wheeling Traction Co. He was 
subsequently assistant engineer for the West 
Virginia Traction and Electric Co.; engineer 
and vice-president for the C. B. Kimberly 
Co.; and engineer with the C. C. Smith Co. 
From 1921-1935 he was a member of the firm 
of Conrad and Pugh. 

Mr. Pugh had been affiliated with ACI 
since 1944. 
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Honor Roll 


February 1—December 31, 1951 


Sixteen additional members are listed on 
this month’s Honor Roll with two or more 
credits—still less than 1 percent of the total 


Membership. 


There is but a short time remaining to have 
your name listed with those instrumental in 
increasing ACI’s membership. Credit for all 
members proposed in February is included in 
the current Honor Roll—there is yet an op- 
portunity to be on the Honor Roll for 19511 


Newlin D. Morgan, Sr. Cill.)... 40 
Newlin D. Morgan, Jr. (Mich.)...... 17% 
Eddy Hernandez (La.)..... 10% 
James A. McCarthy (Ind.)...... 10 
4B, SOR CGD neki ces. > 
Oscar A. Nunez G. cen. 
Adolf A. Meyer (Tenn. 

Jose A. Vila (Cuba). . 

L. G. Farrant (Fla.)....... 

H. J. Gilkey (la.).. 

Samuel Hobbs (Calif. ., 

Alvin C. Loewer, Jr. (Pa. ). 
Jacob Adler (Israel). . 

Anthony G. Giardina (N. Y. a 
Frank Kerekes (la.). . 

Alexander Klein (Calif. ee 

F. Thomas Collins (Calif.). . 

Oscar Schreier (N. Y.) 

Oliver J. Julian weed re 

Ivan M. Viest (ll.).. hee 
George D. Youngclaus (Calif. Withee 
George E. Hatch (Hawaii). ee 
Fernan Rodriguez-Gil (Venezuela)...... 
Rafael Ruiz (Guatemala)..... Le 

C. H. Scholer (Kans.)...... 

Oscar A. T. Gimesy even 

C. P. Siess (lll.). . 
Curzon Dobell (N. ‘Y?). ; .. 2% 
E. L. Howard Paar. - ; 9% 
T. C. Kavanagh (Pa.)..... 9% 
F. T. Mavis (Pa.)...... . 2% 
F. N. Menefee (Mich.). . . 91% 
Donald Agrimson (S. D.).. ' a 

Boyd G. Anderson wie Y) rs ON 

J. F. Baxter (N. Y.).. . 
E. J. Critzes (o.)........ 

John H. Cullinan (Mass. ? 

Robert G. Deitrich (Md.).... 

James N. DeSerio (N. Y.).. 

Frank L. Ehasz (N. Y.)... 

Gerald K. Gillan (Mo.)...... 

H. F. Gonnerman (Ill.)...... 

H. R. Harbeson (Mich.). . 

H. E. Howe (Texas). . 
Henry L- Kennedy (Mass. ).. Pokoes 
David V. Lewin (Ohio)..... A 

R. B. MacNee (Calif.). . 

David R. McKenzie Brazil). 

Willlam McGuire (N. Y.).. 


~™wO 
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trovw 
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CLL 


Membership now over 5500 


The Board of Direction approved 63 Indi- 
vidual, 2 Corporation, 21 Junior and 11 
Student Memberships for December. With 
adjustments for losses—resignations, deaths, 
nonpayment—the total membership reached 
5510 on January 1. 


AckeEr, 8. E., Montreal, P. Q., Canada (Chf. Engr., 
Dir., Creaghan & Archibald, Ltd.) 

Auten, Howarp F., Jr., Catano, P. R. (Asst. 
Engr., Long Constr. Co.) 

BELANGER, PIERRE, Quebec, P. 
Drafting, Detailing) 

BorGciin, ALFRED R. (Jr.) North Andover, Mass. 
(Inspection, Thompson & Lichtner Co., Inc.) 

BRADBERRY, CarRROLL E., Los Altos, Calif. (C. E., 
U. S. Representative of Colcrete Ltd.) 

BRADLEY, James H. (Jr.) Monroe, . a. (Struct. 
Design, 8S. E. Huey, Cons. E. 

BRANDT, Roper? J., La Sona < Yalif. (Job Engr., 
Bechtel Corp.) 

Britt, Donatp E., Williamsville, N. Y. (Design, 
Inspection, Field Supervision, J. N. DeSerio, P. E. 

Bropy, Davin (St.) Detroit, Mich. (Weems Univ.) 

BusEerR, WARREN M. (Jr.) Union City, N. J. (Struct. 
Design, Inspector, Parsons, Brinckerhoff, Hall & 
MacDonald) 

Byce, Ricwarp C., Jr. (St.) Ann Arbor, Mich, (Univ. 
of Michigan) 

Cc _ Raymonp (St.) New Rochelle, N. Y. 

niv.) 

Datton, Rosert D., Jr. (Jr.) Lafayette, Calif. 

(Struct, Designer, Robert D. Dalton, Cons. Struct. 
ner. 

Davis, J. Henry, Strawn, 
lite Corp.) 

DILLINGHAM, GEORGE M., 
Engr., Turner Constr. Co.) 

Dononvue, WILLIAM VINCENT (Jr.) Cambridge, Mass. 
(Design, Drafting, Cleverdon, Varney & Pike) 

Dovutt, Ropert M., Montreal, P. Q., Canada (Dir., 
Gen. Mer., Canada Gunite Co., Ltd., Preload Co. of 
Canada, Ltd. 

Droia, STANL on Omaha, Nebr. (Chf., 
gic Air Command) 

Dupin, Mitton, Jamaica, L. L, 
Engr., H. K. Ferguson Co.) 
a. Emory L., Skokie, Ill. (Designing, The Austin 

Yo.) 
Duncan, Aprien A., Mt. Holly 
Engr., Capitol Engrg. Corp.) 


Field 


Q., Canada (Design, 


Engr., 


(Columbia 


Texas (Engr., The Feather- 


Philadelphia, Pa. (Sr. 


A. I. O. Strate- 


N. Y. (Chf. Struct. 


Springs, Pa. (Sr. 





puPont, M. F., Chicago, Ill. , (Designing, Drafting, 
General Portland Cement Co.) 

Escosar B., Dario (Jr.) San Salvador, El Salvador, 
(Engr., Direccion de Obras Hidraulicas) 

Fisk, Pace, Long Beach, Calif. (City Chem,, Testing 
Engr., City of Long Beach) 


Fioripa STEEL Suppiy Corp., 
Greenfogel, Pres.) 

Forpyce, Puit, Chicago, Ill. (Engr., Portland Cement 
Assn.) 

Frisco, EvuGENE, Port Chester, N. Y. 
Mianulli & Lamarca & Assocs.) 

Fryar, Joe B. (Jr.) Memphis, 


Hialeah, Fla. (Paul R. 


(Struct. Designer, 


Tenn. (Designing, 


Drafting, Inspection, B. S. Merrill & O. C. Mann, 
Struct. Engrs.) 
Frystncer, James B., Pittsburgh, Pa. (Dist. Sales 


Mer., Pa. Glass Sand Corp.) 

Geary, T. C., Redwood City, Calif. 
Pabco Products Inc.) 

GENTILE, Josepn, Buffalo, N. Y. 
Office, Pittsburgh Testing Lab.) 


(Chf. Chem., 
(Mer., Buffalo Dist. 


Gerace, Francis E., Hammond, Ind. (Asst. Constr. 
Supt., Morrison Constr. Co.) 
GHINzBURG, EMANUEL, Ramat-Gan, Israel (Merg. 


Engr., Solel Boneh, Ltd.) 
Gray, VANcE J., Toledo, Ohio (Struct. Engr., Raymond 
Cc. Reese, Engr.) 





Haurer, Cuanrzes D., Jr. (Jr.) Cit Ill. (Designer, 
Draftsman, Chicago Dept. of Public Works) 

Harris, Leonarp A., (St.) Urbana, Ill. (Univ. of 
Illinois) 

Hecxrorn, E. R., Weaiagien, Del. (Designer, E. I. 
DuPont de Nemours & ».) 

-_~ LTJE, W. (Jr.) Tike, Ill, (Research Asst., 


ad. St., Univ. “a Illinois) 
Hvur.evt, Co., F., Green Bay, Wis. (F. J. Lenfestey, 
Tes 


HurtseEtt, Joun L., Everett, 
Assoc. Sand & Gravel Co.) 


(Jr.) St. 


Wash. (Plant Super., 


INGRAM, JARRELL I Louis, Mo. (Designing, 


Drafting, Terminal Railroad Assn. of St. Louis) 

Ivanauskas, Juozas (Jr.) Chicago, Ill. (Designing, 
Drafting, A. J. Boynton, Engrs.) 

Jarosz, STantey, Brooklyn, N. Y. (Struct. Design, 
Ammann & Whitney) 

Jentort, ArtHur P. (St.) Bethlehem, Pa. (Lehigh 


Univ.) 
JimENEz, DANrex (St.) Ames, Ia. (Iowa State College) 
Jones, Roserrt S§. (St.) Chicago, Ill. (Univ. of Illinois) 


Karpowicu, Danie, B., Drexel Hill, Pa. 
Design, Day & Zimmermann, Inc.) 

Kxauiti, MonammMap Hosein (St.) 
(State Univ. of Iowa) 

Krorecer, Ortro P., El Paso, 
Southwestern Portland Cement -) 

Kuske, Rosert R. (Jr.) Portland, Ore. (Struct. Engr. 
Corps of Engrs.) 

LeicuTmMan, A., New York, N. Y. 


Leo, Brotruer A., New York, N. Y. 
ollege Engrg. School) 
Leontr, Patrick J., Lowell, Ore. 
Corps of Engrs.) 
Lewis, Gorpon V., 


(Struct. 


Iowa City, Ia. 





Texas (Chf. Chem., 


(Cons. Engr.) 
(Dean, Manhattan 
(Materials Engr., 


Columbus, Ohio (Concrete Tech., 
Sales Engerg., W. E. Anderson Sons Co.) 

Lone, Horace T., Selah, Wash. (Design, Bidding, 
Constr. Super., W. M. Yeaman, Engrs. & Contractors 

Lowett, Ricwarp A. (Jr.) San Francisco, Calif. 
(Drafting, Designing, Pacific Gas & Electric Co.) 


Martin, Lewis Epwarp, Martinsburg, W. Va. (Chf. 
Engr., Genl. Supt., W. Harley Miller, General 
Contractor) 

MATHER, KATHARINE, Jackson, Miss. (Chf., 
graphy Sect., Corps of Engrs 

MATTHEWS, ARTHUR J., Il Or.) Lincoln Park, Mich. 
(Drafting, Struct. Design, Giffels & Vallet, Inc.) 

Mayer, Gustav, Shaker Heights, Ohio (Struct. Engr., 
Trygve, Hoff & “Aseoc.s) 

Muoon, Rex E., Long Beach, Calif. 
Inspection, Albert C. Martin & Assoc 

Mryasuiro, Larry S&., (Jr.) Honolulu, T. HL. 
ing, Drafting, C orps of Engrs.) 

Mvrpny, Rosert J. (Jr.) Lawrence, Mass. (Drafting, 
Designing, Cleverdon, Varney & Pike, Cons. Engrs.) 


Orrutt, J. Chicago, Ill. (Merchandise Mer., U. 8. 
Gypsum 3.) 





Petro- 


ore, 


(Design- 


Paras, TABARE, Montevideo, Uruguay (C. 
Works Ministry) 
Parrison, WILLIAM E. 
of Missouri) 

Penny, J. M., 
Concrete Co.) 

Perkins, Harry B., Jr., 
Drafting, Supervision, 


E., Public 
(St.) Kansas City, Mo. (Univ. 


Emporia, Kans. (Mer., Ready Mixed 
Plainfield, Ind. (Designing, 
Inspec tion, A. J. Boynton «& 


0. 
Puriurrs, GLENN H., Dallas, Texas (Assoc., 
Engr., Zeigler, Houseman & Assocs.) 


Rag, Witi1am M., Winthrop, Mass. 
Boston Sand & Gravel Co.) 

Rorssie, E. G., New Orleans, La. (Engr.) 

Rosen, Martin 8. (St.) Ann Arbor, Mich. 
Michigan) 

Rosst, Ropert A. (Jr.) Toledo, Ohio (Struct. Engr., 
Libbey-Owens-Ford Glass Co.) 


Office 
(Plant Engr., 


(Univ. of 


Continued on p. 34 
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confronted with 
an oversize job? 


...or a small one? 


RAYMOI 


has equipment to do both! 





When you call in Raymond, you are 
turning your foundation work over 
to an organization which has 
specialized equipment, supervised by 
expertly trained men, for handling 
large, medium and small pile jobs. 
With 54 years of experience in 
foundation contract work ranging 
from a few test piles to more than 
40,000 piles for one structure— 

“eon ~ Raymond: has established a record 
for outstanding service. Your 
inquiries receive prompt attention. 


SCOPE OF RAYMOND’S ACTIVITIES 
includes borings for soil investigations; 
every recognized type of foundation 
construction—concrete, composite, precast, 
steel, pipe and wood piles. Also caissons; 
underpinning ; waterfront construction 
and harbor and river improvements; 
shipbuilding facilitics; and cement-mortar 
lining of water, oil and gas pipelines, 

4” to 144” diameters, by Centriline 
Corporation, a Raymond subsidiary. 


RAYMOND 


CONCRETE PILE CO. 
140 CEDAR STREET 
NEW YORK 6, N. Y. 


Branch Offices in Principal Cities of 
United States and Latin America. 












Looking up leads of Raymond Universal 
piledriver while driving precast concrete 
piles for Morganza (La.) Floodway 
Control Structure. For this project, 
Raymond developed two drivers, probably 
world’s tallest with 136-foot leads, to 
drive 3734 precast piles varying in lengths 
80 to 120 feet. 
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The 


KELLEY COMPACTOR POWER FLOAT 


for 


Surfacing, compacting, densifying and finishing concrete 


wearing surfaces 





DURABILITY INCREASED 
SHRINKAGE REDUCED 
DUSTING OVERCOME 


COARSE AGGREGATE 
AT SURFACE FOR WEAR 


WORKABILITY SOLVED 


COSTS REDUCED 


The weight of the machine, plus the action of the compacting hammers 
on the rotating diss COMPACTS and DENSIFIES lower sand and 


low-water-cement ratio mixes throughout the slab thickness. 


Where topping is applied to the slab, the material is driven in at the 
BOND line, delivering a SUPERIOR BOND. 


*Furnished equipped with either gasoline or electric power head. 


Booklet "Concrete Facts” containing articles by leading authorities and compar- 
able wear charts, also p hlet on bonding tests gladly furnished on request. 





For information write: 


KELLEY ELECTRIC MACHINE CO. 


287 Hinman Avenue Buffalo 23, N. Y. 
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Tools, Materials, Services 





Under this heading note will be made from 
time to time of producer literature of presumed 
technical interest (and available from its source 
for the asking) to ACI users of tools, equip- 
ment, materials, accessories and special ser- 
vices. 








Soil compaction 

Detailed information, useful pro- 
duction data, for figuring work schedules and costs on 
soil compaction jobs is contained in Bulletin No. 621 
just published by Barco Mfg. Co., Chicago, covering 
the use of the Barco portable gasoline ‘‘Rammer”’ for 
tamping fill or back-fill in restricted areas. Of special 
interest to builders, contractors, supervisory engineers, 
and project managers is a discussion of the use of 
“soil compaction” as a means of attaining (1) greater 
permanence, (2) lower costs, and (3) earlier comple- 


including 


new 


tion dates on many construction projects. 

Applications described in the new bulletin include 
use of high-degree soil compaction in construction 
work on highways, roads, streets, buildings, dams, 
bridges, airports, 
grounds, pipe lines, utility trenches, parks and ceme- 
teries.—Barco Manufacturing Co., Dept. R-31, 1801 Win- 
nemac Ave., Chicago 40, Ill. 


landing strips, ordnance proving 


Synthetic rubber resin based coatings 

A brochure released by Casey and Case Coating Co. 
presents characteristics, properties, uses and methods 
of application of synthetic rubber resin based coatings. 
Damp-wall enamels, stucco-masonry coatings, floor 
finishes and machinery enamels are described.— 
Casey and Case Coating Co., P. O. Box 151, Maywood, 
Calit. 


February 1952 


Scaffold jack 

An 8-page, two-color booklet describes the use of 
the WACO scaffold jack. Ask for form KP-B.— 
Wilson-Albrecht Co., 3565 Wooddale Ave., 
Minneapolis 16, Minn. 


Inc., 


Conveyor and elevator belting 

New York Belting and Packing Co. has published 
a new catalog on conveyor and elevator belting which 
gives all the necessary data to lay out a drive or 
specify a belt. 

Complete tables on carrying capacities, horsepower 
factors, pulley diameters, maximum and minimum 
plies for proper troughing and 
information are included. 


other engineering 

A copy of the catalog may be obtained upon request. 
—New York Belting and Packing Co., 1230 Avenue of 
the Americas, New York 20, N. Y. 





New Members 
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San Martin, ANGEL, Havana, Cuba (Engr.) 

ScHLENKER, NorMAN E., Baldwin, L. I., N. Y. (Design- 
ing, Checking, Supervising, Seelye, Stevenson, Value 
& Knecht) 

Scuwartz, JuLEs, Cleveland, Ohio (Struct. Engr.) 

Serarim, Joaquim Laaingaa, Lisbon, Portugal (Head, 
a Studies Sect., Laboratorio de Engenharia 
Civil) 

SiInGLETON, WiLi1AM C., Newark, N. J. (Service Engr., 
Lehigh Portland Cement Co.) 

Sirts, Harotp F., Tacoma, Wash. 
Design, Pierce County Road Engr.) 

SKILKEN, B. Lee (St.) Columbus, Ohio (Ohio State 
Univ.) 

Smiru, Ester E., Ste. Genevieve, Mo. (Constr. Supt., 
Mississippi Lime Co.) 

Sratey, Leo D. (Jr.) Ind. 
A. J. Boynton & Co.) 


(Bridge Engr., 


Munster, (Draftsman, 


TANCREDI, LAWRENCE A. (Jr.) Hollis, Queens, N. Y. 
(Design, Detail R. C. Work, Byrnes Assocs.) 
Tasuiro, Nosorv, Denver, Colo. (Struct. Engr., R. J. 
Tipton & Assocs., 
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NEWS LETTER 


Captain 


Raymond H arvey 





Tre 17TH INFANTRY REGIMENT 
was attacking Hill 1232 near Taemi- 
Doug, Korea. Charlie Company, 
Captain Harvey commanding, was 


moving up when dug-in Red guns . 


pinned it down. Calling for cover- 
ing fire, Captain Harvey advanced 
alone, wiped out four machine gun 
emplacements. He caught a bullet 
through the lung. But he stayed in 
action until the ridge was won. 





“In Korea,” says Captain Harvey. 
“we stopped aggression by united 
strength. You were helping—every 
time you hought a Defense Bond. 
Because your Bonds were doing 
more than just helping keep you 
financially stable. They were back- 
ing us up in the field with American 
production power. 

“T hope you'll go on buying 


Bonds. Your Bonds—and our bayo- 

nets—are making America strong. 

And peace is only for the strong.” 
7 * * 


Remember that when you're buying 
bonds for national defense, you're also 
building a personal reserve of cash sav- 
ings. Remember, too, that if you don’t 
save regularly, you generally don’t save 
at all. Money you take home usually is 
money spent. So sign up today in the 
Payroll Savings Plan where you work, 
or the Bond-A-Month Plan where you 
bank. For your country’s security, and 
yours, buy U. S. Defense Bonds now! 


Peace is for the strong... 
Buy U S. Defense Bonds now! 
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Manual of Standard Practice for 


Detailing Reinforced Concrete Structures 


(ACI Standard 315-51) 


for the 


Designer 
Detailer and 
Student 


$3.00 (to ACI Members—$1.75) 





Completely revised to include new- 
style A-305 deformed reinforcing —— ee 
bars, higher bond values permitted by = Fa = _ cS Ame 
the ACI Building Code, other changes === — °» 4 
to conform more closely to the ACI Code, and editorial changes for 


a 


greater clarity. 


The fundamental purpose of all “engineering drawings” is to enable 
the builder to transform the designer’s calculations and design into the 
structure he has conceived. These drawings give the information necessary 
for building forms and placing concrete and for preparing the ‘‘placing 
drawings’ (sometimes called ‘‘detail drawings’) which must contain the 
information necessary for fabricating the reinforcement and placing it in 
the forms. 


The Manual illustrates typical engineering and placing drawings pre- 
pared according to the standards. The designs are not intended as standard 
designs, although in general they meet the requirements of the American 
Concrete Institute's “Building Code Requirements for Reinforced Concrete” 
(ACI Code). They are intended to show standard detailing methods. 


American Concrete Institute 18263 W. McNichols Rd. Detroit 19, Mich. 





February 19592 








*All members in good standing Mar. 1, 1952 will receive a card entitling them to purchase an initial copy for 
$1.00. 



























NEWS LETTER 


The Detailing Manual includes— 

Drawing standards—Standards and comments on size of sheet, layout, scales and symbols. 
Marks—Discussion of systems of marking members and reinforcement. 
Schedules—Discussion of types of schedules and recommendations for their use. 
Engineering drawings—Information required on drawings and best methods of showing it. 
Placing drawings—Best methods of showing necessary information. 


Fabricating detail standards—Standards for bending, hooks, stirrups, typical bar bends, 
slant lengths, beam widths, spirals, ties, column verticals, splices and dowels. 


Notes to designers and detailers—Attention is called to points which frequently are over- 
looked or which cause trouble. Conformance with the suggestions given eliminate 
most difficulties of interpretation, fabrication and construction. 


Shop procedure—Brief description of steps in the shop. 

Warehouse stock—Notes material usually carried in stock. 

Tolerances—Standard tolerances in dimensions of fabricated reinforcement. 

Extras—Basis for extra charges for material and fabrication. 

Welded wire fabric—Data on fabrication, size limitations, detailing and common styles. 
Accessories—Standard accessories and their use. 


Typical drawings—211 typical engineering and placing drawings are shown for various 
structures to illustrate the use of the standards and methods advocated in the manual. 
A short discussion of the important points accompanies each drawing. 


Typical drawings 


The engineering drawings used in the manual were selected from plans of actual struc- 
tures but have been modified in some details to conform more closely with the ACI Code 
and to illustrate recommended methods of presenting the information. Shop prepared 
placing drawings accompany each engineering drawing. 


Concrete joist floor Architectural concrete building 
Flat slab floor Wall details 

Beam and girder floor Stair details 

Two-way slab and beam floor Circular tank 

Foundations‘ Rigid frame bridge 

Columns ‘ 


Large format—bound to lie flat—meeting wide acclaim among designers, 
draftsmen and in engineering schools 


To simplify, speed and effect standardization in detailing 


$3.00 —to ACI Members, $1.75 


American Concrete Institute 18263 W. McNichols Rd. Detroit 19, Mich. 
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Title No. 48-35 


New Techniques in the Study of Setting and 
Hardening of Hydraulic Materials* 


By J. CALLEJAT 


SYNOPSIS 

This paper attempts to establish basic ideas for research on the setting and 
hardening of hydraulic materials through use of methods based on the varia- 
tion of the electrical resistance of a paste during its setting period. 

This method is superior to classical ones, due to its wider application and 
provision for more detailed data on the phenomenon. Moreover, it can be 
applied automatically. 

Theoretical considerations as well as experimental evidence show that the 
beginning and end of the setting period are indicated on resistance-time 
graphs by well defined points closely linked to points of graphs showing tem- 
perature changes during setting. 


INTRODUCTION 


The beginning and end of the setting period of a cement has long been 
determined by Vicat’s classical test. This test establishes and implies a 
relationship between the physicochemical process of the system under in- 
vestigation and the development of its mechanical properties. 

However, if we define setting as the whole group of physicochemical trans- 
formations undergone by a hydraulic material from the moment it comes in 
contact with water until transformations practically cease, then the relation- 
ship implied by Vicat’s test is justified only in its qualitative sense. More- 
over, Vicat’s test tells nothing about the intermediate changes and properties. 

For these reasons, there is need for a new technique which will facilitate 
the study of the setting and hardening of hydraulic materials, and satisfy 
the following requirements: (a) the empirical nature of Vicat’s method 
should be avoided as far as possible, (b) it should supply more exact and 
complete data than has been obtained so far. It should facilitate the study 
of variables which can affect the setting phenomenon, and (c) the probable 
causes of personal error should be eliminated by automatic functioning. 

With these conditions in mind, the study of changes of some electrical 
variables, depending on the phenomenon under investigation, was under- 
taken. Among the electrical variables studied were dielectric constant, 
electrical resistance and conductivity and electrode potentials. The elec- 


 *Received by the Institute Aug. 3, 1951. Title No. 48-35 is a part of copyrighted JouRNAL OF THE AMERICAN 
Concrere Instirute, V. 23, No. 7, Mar. 1952, Proceedings V. 48. Separate prints are available at 50 cents each. 
Discussion (copies in triplicate) should reach the Institute not later than July 1, 1952. Address 18263 W. McNichols 


Rd., Detroit 19, Mich. ; ; 
+Head of Physical Chemistry Dept., Instituto Tecnico de la Construccion y del Cemento, Madrid, Spain. 
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trical resistance was selected for the first set of experiments. The other two 
were not neglected, although not considered at this time. 


PREVIOUS STUDIES 


There are very few references to electrical conductivity of cements during 
setting. The first worth mentioning is Bogue’s reference! to Shimizu.? Shimizu 
states that the investigation of the setting of cement is more accurate if 
done by electrical rather than by mechanical and thermal methods. He con- 
cludes that the end of setting is given by an inflection point in the conduc- 
tivity-time graphs, when working at a constant temperature. 

Baire® investigated the effect of passing an electric current across a cement- 
water paste and assumed that setting commenced as soon as there was a 
large drop in the reading of an ammeter. Results were not accurate, as the 
setting was accelerated because of heating due to the Joule effect. 

Michelsen‘ attempted to investigate the beginning and end of setting by 
considering the galvanic currents generated in any paste between two dif- 
ferent metals. On voltage-time graphs the beginning is given by the point 
at which a constant section of curve commences to slope upwards and the end 
by the point corresponding to the maximum voltage. 

Dorsch’ also investigated some variable electrical properties and behavior 
of cement pastes in connection with the setting phenomenon. 

Kleinlogel and Hajnal-Konyi® consider the methods of Vicat and Gillmore 
insufficient and give reasons for adopting thermal methods. Jesser,’ who con- 
sidered setting and hardening as an electrostatic phenomenon, studied the 
emf of galvanic elements in various cements in connection with the coloidal 
nature and changes in the pastes. 

Boast® investigated conductometric methods for studying several prob- 
lems related to cement pastes and mortars. Among them, he studied the 
setting phenomena during the first three hours and tried to correlate con- 
ductivity with the 28-day compressive strength. Chisholm® showed in new 
data the ineffectiveness of Vicat’s method for certain types of cements and 
hence the need for new techniques. 


EXPERIMENTAL WORK 


The tests were made under normal laboratory conditions, although the sys- 
tem permits observations to be made conveniently under water. Test pieces 
were relatively large and no isothermal conditions were maintained. On the 
contrary, since setting cannot be isothermal in practice, as the reactions in- 
volved are exothermal, experiments were made in almost adiabatic conditions 
which generally govern in practice. Changes in temperature of the paste 
were studied at the same time as the variation in electrical resistance. 

Electrical resistance in the first experiments was measured by taking the 
ratio of the potential difference, applied at each moment to the electrodes, 
and the strength of the current across the paste. Alternating current was 
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Fig. 1. Top: Preliminary form of apparatus for measuring electrical resistance of paste 
Bottom: Final form of apparatus 


applied so as to avoid electrolytic and polarizing effects. The intensity 
across the test paste was but a few milliamperes and passed only during 
the moment of making the measurements to prevent heating by Joule effect. 

In each case the paste, mixed with a given amount of water, was put into 
a 7x 7x 7-em cubic iron mold and placed on a glass plate. The mold serves 
as one electrode, the other being an iron tube containing some mercury, in- 
troduced at the center of the paste. In this tube fits a thermometer for 
measuring the temperature changes in the paste. No precautions were taken 
to insure adiabatic conditions. The apparatus and electrical diagram are 
shown in the upper part of Fig. 1. 

The method adopted, after modifications, includes a device to insure almost 
adiabatic conditions during the setting process. The container is a double- 
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walled box, (Fig. 1, lower part) the space between walls being filled with cork 
or other insulating material so as to completely surround the test mold. The 
external and internal lids have openings through which pass the electric 
leads and thermometer or the wires of the thermocouple as the case may be. 
The leads are loosely connected at the lower end and at the lower part of the 
internal lid to two cables provided with clamps, to which the electrodes im- 
mersed in the cement paste in the mold can be attached. The contact is 
made from outside by pushing in the long, BB, contacts. The cardboard 
tubes, 77, (Fig. 1) affixed to the lid of the inner box make it easy for the 
electric leads to pass through the insulating material. 

Having prepared the paste beforehand the mold is placed on a glass slab 
which rests in turn on a sheet of cardboard, S. This sheet can be suspended 
by four supports, as shown in the lower part of Fig. 1, once all internal con- 
tacts are complete. This facilitates removal of the whole assembly from the 
insulating box. 

The mold is a truncated cone made of an insulating material. The elec- 
trodes are two rectangular iron plates of suitable size, placed opposite each 
other at a convenient distance apart. The distance as well as the height of 
the electrodes within the paste are maintained by fixing both electrodes 
inside a cork cover of the same size as the mold area. The lower part of the 
cover is hollowed out over the paste so that any paste that overflows the 
mold when the electrodes and other accessories are placed in it has space in 
which to move. The cork cover also supports the iren tube containing mer- 
cury in which is placed a thermometer permitting 0.05 C measurements. 

Resistance was measured by Philips conductivity gages types G.M. 4140 
and G.M. 4144 (Philoscop I and II) having a cathode ray indicator to 
balance the resistance to be measured. With these universal bridges, work 
was done either at 50 or 1000 cycles. In the latter case a low frequency 
Philips type G.M. 4260 oscillator was used. It was found convenient to 
work with a frequency of 1000 cycles as this provides a greater measuring 
sensitivity. This is so because in addition to the resistances between the 
plates fixed in the paste, the electrodes and the paste act as a condenser. In 
any case, for measurement, there is a resistance wired in parallel with a con- 
denser (condenser with losses). In such a system the capacitance may dis- 
turb the resistance measurement, but this disturbance is at least partially 
eliminated by working at high frequencies. 

The results agree fairly well with those obtained by the method first de- 
scribed, but the measurements are more accurate with the Philoscop, as the 
sensitivity can be regulated easily at any time. Measurements with the poten- 
tiometric arrangement make it necessary to take simultaneous readings of 
two apparatus. The lower part of Fig. 1 shows the assembly. 


TEST RESULTS * 


Discussion is limited to the. results obtained with respect. to the begin- 
ning and end of setting of the paste. Fig. 2 shows some of these results ob- 
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Fig. 2. Top: Temperature-time (T-t) curves obtained with cement pastes during the 


setting process 


Bottom: Electrical resistance-time (R-t) curves of the same pastes 


tained by employing the technique described. The upper part presents 
temperature-time (7-t) curves. In the lower part of Fig. 2 the electrical 
resistance-time (R-t) curves, of the corresponding experiments, during the 
setting of different portland cement pastes can be seen. 








530 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE March 1952 


The T-t curves show two well-defined points, indicated by dashed lines, 
for each curve in the graph. The first on the left is the point at which the 
temperature begins to increase slowly but continuously; the second on the 
right, is that of maximum temperature. 

R-t curves also show two well-defined points. That on the left is the point 
at which the resistance increases more or less slowly (curves 1, 2 and 3), or 
eventually shows a slight dip as in curves 4 and 5. The second point on the 
right is in each case a very well-defined minimum (Fig. 2). 

Also noticeable is the relationship between the abscissas of the points in 
both types of curves. As an almost general feature, the maxima on T-¢ curves 
appear somewhat displaced toward the right in relation to the minima on the 
R-t curves, although always exhibiting the same relationship. 

The first and second points in the R-¢ curves give the times at which the 
setting begins and ends, respectively. This will be discussed in detail later. 
R-t curves also have a maximum, the height and position of which is variable 
and seems to depend on secondary experimental effects. 

For greater simplicity the R-t curves have been drawn without correcting 
the values of R for difference in recording temperature, 7.e., for every in- 
crease of 1 C in the temperature, the conductivity increases by 1 percent and 
the electrical resistance decreases correspondingly. 

This correction has no influence on the shape of the R-t curves, nor on 
the position of the characteristic points indicating thé beginning and the end 
of the setting process. The correction merely affects the absolute value of 
the resistance, which in this case is only of secondary interest. 

As regards the precision, sensitivity and reproducibility attained with 
the electric method to determine the setting time of a cement, Fig. 3 and 4 
show curves for experiments made under conditions as comparable as possible 
with the same cements employed to obtain curves 1 and 2 in Fig. 2, respec- 
tively, under somewhat different experimental conditions. The same re- 
sults were obtained in several experiments with cements corresponding to 
curves 3, 4 and 5 and some others not recorded in the graphs. 

The largest discrepancies registered, both with regard to the beginning 
and end of setting, are within a maximum variation of fifteen minutes. This 
is for tests under comparable conditions, and it is not an excessive range of 
variation considering the experimental circumstances. 

The lower parts of Fig. 2 and 3 give the R-t curves for each of the various 
cements investigated. Not only for different cements, but also for the dif- 
ferent variants of a given kind of cement, the corresponding curves are dis- 
tinct, and each has a characteristic shape which can be easily reproduced. 

DISCUSSION. - 
Leaving for the moment the various theories for the physicochemical 


process of setting, assume a given cement mixed with a fixed proportion of 
water. Then in the process of setting, certain hydrates (formed from the 
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Fig. 3. Top: Additional T-t curves obtained with cement of 1 Fig. 2, to indicate 
reproducibility of results 
Bottom: R-t curves of the same cement 


corresponding anhydrous products which have previously passed into the 
solution) crystallize. In this case the solubility of the former is at every 
instant less than that of the latter. Hence. when the solution is saturated 
with anhydrous products it is over-saturated with hydrates; consequently 
these crystallize. Therefore it is easy to show graphically the variation of 
electrical resistance from the time the paste is made until after hardening. 
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Fig. 4. Top: Additional T-t curves obtained with cement 2 of Fig. 2, to indicate 
reproducibility of results 
Bottom: R-t curves of the same cement 


Initially, the contact of the anhydrous components with the water will 
cause the solution or hydrolysis of the more soluble or hydrolizable parts of 
it (alkalies, etc., in the case of portland cement). This will result in a paste 
because of the relatively small amount of water normally used. There will 
also be a solution of a certain ionic concentration. 

The electrical resistance of the heterogeneous system of the cement paste 
is due to two forces. One is the ionic conductivity of the solution, which 
depends on ionic concentration, temperature and type of ions present in the 
solution. 
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The other factor which can be interpreted as electrical resistance of the 
“ohmic” type, is due to increasing mechanical resistance and cohesiveness as 
setting progresses. As the system is heterogeneous, its electrical conductivity 
depends on the changes which both solid and solution phase undergo. These 
changes are closely linked to each other since the composition and concen- 
tration of the “solution” depend on the residual water available, while the 
composition and texture of the solid phase depend on the water taken up in 
combination. The sum total of these two quantities of water is the water 
added to the mixture, neglecting the water lost due to evaporation. Hence 
it is obvious that the two factors which affect the resistance of the system 
are almost inseparable. However, their distinct nature must be emphasized. 

From the time the mixing of the paste is finished until setting becomes 
noticeable, the ionic concentration of the solution may increase due to hy- 
drolysis of alkali-bearing compounds and perhaps aluminates which cause an 
increase in ionic conductivity. The texture of the solid phase shows little 
change during this period, and hence the electrical resistance of the system 
may drop or remain almost constant, until the time when setting begins. 

During the process of setting, the products of hydration crystallize and 
separate from the solution. New anhydrous products will join the solution to 
re-establish equilibrium. This process will continue until the majority of the 
anhydrous components have gone into the solution and the majority of the 
hydrated components have crystallized. 

As soon as hydrated compounds begin to crystallize, the amount of water 
which combines with solids increases. Hence, the remaining water in the 
solution decreases, and the texture of the solid phase begins to be modified. 
Within the solution, concentration and viscosity may also increase, so that 
freedom of movement of the ions will be hindered. Rigidity also increases in 
the solid phase. Therefore, as soon as the process of setting begins, the two 
factors which affect the resistance in the system will begin to increase it. 

As soon as setting is finished the paste begins to harden. Evaporation 
and absorption continue, and from this point on the ohmic resistance in- 
creases at the same time as the ionic conductivity decreases. As a result, 
at the end of the setting process a new increase in resistance will be observed, 
even more noticeable than the first one. 

Resistance-time (#-t) curves may take the form shown in the lower part of 
Fig. 5-I in which points A and B represent beginning and end of the setting 
process, respectively. 

Ideal conditions for observation must exist. That is, it is essential that the 
only change in the electrical resistance of the system be due to its physico- 
chemical properties. However, some extraneous influences cannot be left 
out of consideration; for instance, the temperature. During setting of a 
cement, a certain quantity of heat is given off which, unless removed, will 
increase the temperature of the setting mixture. This increase tends to 
reduce the electrical resistance, since it increases ionic conductivity. 








534 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE March 1952 





——— 7 Fig. 5. Top: Analysis of 
Adiobotic typical T-t curves 
Bottom: Analysis of cor- 

responding R-t 
curves 





Heat evolved Q —» 


Temperature T —o 








Electrical Resistance.R —o 

















Time t —> 

Consider how temperature changes during the process of setting. Under 
adiabatic conditions the curve defining the quantity of heat given out by a 
cement during hydration has the form shown in the upper part of Fig. 5-I, 
and it tends asymptotically towards a constant value, as time increases. If 
conditions are not adiabatic, there is a maximum value (curves II and III). 

Actually, the temperature-time curves, under adiabatic conditions, also 
tend asymptotically towards a constant value. If conditions are nonadiabatic, 
then, as in the heat-time curve, a maximum value is shown. 

The maximum values for heat generated and for temperature will have the 
same time coordinate in near adiabatic conditions. ‘ Hence, curves in Fig. 5 
may represent either heat evolved, Q-t, or temperature, T-t, at the corre- 
sponding ordinate. 

The Q-t or T-t curves showing the amount of heat given off due to hydra- 
tion, or the temperature reached at each moment, indicate the progress of 
setting up to the moment considered. It is reasonable to assume that this 
phenomenon is finished when there is no further appreciable amount of heat 
given out. That is, when the end of the steep part of the adiabatic curves 
is reached, or in cases of the near adiabatic curves, when the maximum point 
has been attained, 7z.e., when point J/ is reached in curve Q-¢ or M’ in T-t. 
Similarly, the beginning of setting will be that instant when the steady in- 
crement, even if slow, of these curves begins. 
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Because of their shape, the influence of temperature on the electrical re- 
sistance-time curves can be readily appreciated. The maximum value of the 
temperature curve will probably correspond to a minimum value of the resist- 
ance curve. The downward sloping section b’ of the temperature curve will 
correspond to an upward section in the resistance curve. The matter is more 
complex in the section at a’. On the one hand, the resistance tends to in- 
crease due to the progressive hydration and crystallization, although this 
increase probably proceeds at a diminishing rate (section A-B of curve I, 
Fig. 5). On the other hand, the resistance should diminish as the temperature 
rises as in section a’. 

Hence, section A-B will be distorted, for, as the second effect becomes 
greater than the first, section A-B begins to decrease. Therefore it will 
have a maximum value at that point. When point 1’ in T-t is reached, sec- 
tion A-B is a minimum, and from then on there will be an upward sloping 
section, which will correspond to the downward section b’. From this it is 
possible to appreciate the coincidence, 7.e., the same abscissa for the maximum 
M’ value in the curve T-t, and the minimum value B’ in the R-t curve. 

The maximum point M in curve R-t, has no particular significance phys- 
ically. It merely indicates the point at which the tendency of the resistance 
to diminish, as a consequence of the increasing temperature, becomes equal to 
its tendency to increase due to the process of setting itself. 

In view of the close relationship between the R-t and T-t curves, it appears 
justifiable to assume that the beginning and end of setting is defined by the 
abscissas of the points on the R-t curve. 

The displacement of the maxima of J-t curves with respect to the min- 
ima of R-t curves seems logical, if it is remembered that the method of measur- 
ing the electrical resistance makes it possible to record changes instantaneously. 
However, in recording temperatures this is not the case. It takes some time 
for thermal equilibrium to be established between the changing system and 
the instrument which records the temperature. This fully accounts for the 
relative displacement of the two curves. In this sense, the readings for the 
R-t curves are more precise than those of the 7-t curves, at least in this partic- 
ular case, considering the method used to arrive at the 7-/ curves. 

Concerning the precision of the method, the range of variation observed 
in the beginning and the end of setting is not excessive. For instance, the 
results can be influenced by the percentage of water in the mix, the adiabatic 
or nonadiabatic conditions of the test, the quantity of paste used, the di- 
mensions and separation of the electrodes (this determines whether the 
electrical capacity or the ohmic resistance have the greater influence and 
hence, the way in which the measuring sensitivity is affected), and the fre- 
quency of the current used. ‘ 

There are other variable factors worth considering, though not so easy to 
control. These include the time of the year and the place where the paste is 
produced, since these influence the temperature of the water used in the mix 
and atmospheric temperature and humidity (all setting tests were done in 
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the open air). Another factor is how much the paste has been worked, or, to 
put it another way, the skill of the operator. For the moment there is no 
mechanical means free from the personal factor which insures that paste is 
uniformly well mixed. 

All these variables, controllable or otherwise, account for the variation 
in results, very small in any case, with each kind of cement. This also indi- 
cates the sensitivity of the method. In view of the remarks just made, other 
methods may appear to be more accurate because they are less sensitive. 

Conforming to the prescribed conditions, the method described seems 
to be more accurate and sensitive than any of those being used at present to 
determine the beginning and end of the setting process. This is confirmed by 
the curves for tests No. 6 and 7 which were conducted simultaneously (Fig. 
3). These tests were performed under similar conditions to demonstrate the 
precision and reproducibility of results by this method. 


CONCLUSIONS 


1. Classical methods for observing the setting process of hydraulic ma- 
terials are inadequate as regards the amount and accuracy of the data supplied. 

2. New techniques must be considered not only for the investigation of 
setting, but also of hardening of cements and similar materials. Such tech- 
niques can be based on the variation of electrical properties with time. 

3. Among such properties, this paper has considered the electrical resist- 
ance of the cement paste. Both from theoretical considerations and experi- 
mental results reported here, it can be established that the time at which 
setting commences and finishes is indicated in the R-t curves by well-defined 
points. 

4. R-t curves are in good agreement with the 7-t curves. 

5. Results obtained by standard methods are in fairly good agreement with 
the method proposed. This new method is superior to classical methods in 
accuracy, sensitivity, uniformity of results, and in the possibility of further 
new application, both as a new technique in the field of pure research, and 
as a possible standard method for measuring the setting of cements. 

6. In any case, this method lends itself to automatic graph recording of 
the setting process under’ investigation. 
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Disc. 48-35 


Discussion of a paper by J. Calleja: 


New Techniques in the Study of Setting and 
Hardening of Hydraulic Materials® 


By E. H. WATERS and AUTHOR 


By E. H. WATERST 


The author claims that his method of determining setting time of hydraulic 
materials by observing variations of electrical resistance of the paste with 
time is superior to those presently used. This superiority is claimed chiefly 
on the grounds that: (1) The method has a sound theoretical basis (con- 
clusion 3, p. 536). (2) The method shows greater accuracy, sensitivity and 
uniformity of results than do classical methods (conclusion 5, p. 536). 


THEORETICAL BASIS 


Justification for the claim that the method has a sound theoretical basis 
appears to rest on the points made by the author on pp. 530-535, where he 
treats qualitatively the probable effects of the setting process on the con- 
ductivity of the paste. From these he concludes that, under isothermal con- 
ditions, the resistance-time (R-t) curves would take the form of curve 1 in 
Fig. 5, z7.e., a more or less steeply rising curve with an approximately hori- 
zontal point of inflection at the time of final set. However, under practical 
conditions the rise in temperature of the paste as the setting proceeds will 
reduce its resistance and the theoretical point of inflection will appear as a 
minimum. 

It is difficult to reconcile these conclusions with the test results (p. 530) 
where it is said that “for greater simplicity the R-t curves have been drawn 
without correcting the values of ,R for difference in recording temperature 

. . This correction has no influence on the shape of the R-t curves nor 
on the position of the characteristic points indicating the beginning and 
the end of the setting process.’ (This argument and the following assume 
that in referring to correction for differences in temperature the author is 
considering the effect of the temperature rise during setting and not merely 
the small differences in initial temperature.) 

If the former statement (that isothermal R-t curves would have the form 
of curve 1, Fig. 5) is correct, then the minimum observed is simply a reflection 
of the temperature rise and the new method only a cumbersome way of per- 

*ACI JOURNAL, Mar. 1952, Proc. V. 48, p. 525. Disc. 48-35 is a part of copyrighted JournNAL or THE AMERICAN 
Concrete Institute, V. 24, No. 4, Dec. 1952, Part 2, Proceedings V. 48. 

tDivision of Building Research, Commonwealth Scientific and Industrial Research Organization, Highett, 
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forming the old established technique of determining setting time by observ- 
ing the temperature rise of the paste. If the latter statement (that tem- 
perature corrections do not affect the shape of R-t curves) is correct, then 
curve 1, Fig. 5, would appear to be meaningless. A little calculation from 
the published data shows that either form of corrected curve can be obtained, 
depending on the assumptions made regarding temperature coefficient. 

It is difficult to know just what value to assign to the temperature coefficient 
of resistance in such a material; Mr. Calleja gives 1 percent per degree C 
but he does not say what is the basis of his figure. Since conductivity of the 
paste must be almost wholly ionic (one would expect dry portland cement to 
have an extremely low conductivity of the same order of magnitude as those 
of other silicate minerals*) it appears reasonable to assume that the tem- 
perature coefficient of resistance would be similar to those of solutions of 
bases and salts. The temperature coefficient for such solutions varies with the 
solute and its concentration. For dilute solutions it lies between 1.8 and 2.2 
percent per degree C.! For more concentrated solutions it usually rises to 
about 2.4 percent per degree C? and with a few materials to as high as 3 and 
even 4 percent per degree C. It would be interesting to know whether Mr. 
Calleja has any experimental or other justification for his value of 1 percent 
and if so why it is so much lower than values normally found for electro- 
lytes. 

If curve 6, Fig. 3, is corrected for differences in temperature, assuming 
that the temperature coefficient is constant throughout the run, then for 
each value of the temperature coefficient the curve obtained has the same 
general shape as the original, but as the coefficient increases the minimum 
becomes shallower and moves to the left (see Fig. A). Only if we assume 
that the temperature coefficient remains practically constant at about 2 
i *Tests made in the laboratory of the C.S.I.R.O. Division of Building Research have shown that resistance 


between pools of mercury on a block of air-dry portland cement paste is between 1 and 2 megohms per in. separa- 
tion of the mercury pools. Absolutely dry material would almost cert¢ ainly have a much higher resistivity. 
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Fig. A—Curve 6 of Fig. 3 corrected with a 
series of constant temperature coefficients 
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Fig. B—Curve 6 of Fig. 3 corrected with a 45/7 
varying temperature coefficient 
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percent up to 5 hr and then rises sharply to about 3 percent over the space of 
half an hour, does a horizontal point of inflection appear and the curve take 
on the form of curve 1, Fig. 5 (see Fig. B). The end of the horizontal step 
does not however coincide with the. observed minimum shown in Fig. 5 and 
consequently, if Mr. Calleja’s theories are correct, the minimum he observed 
is not the time of final set but merély a slightly distorted reflection of the 
temperature maximum. 

In any case the “corrections” made to obtain the curve of Fig. B were 
extremely arbitrary and any small deviation from the selected values and 
rate of rise of the temperature coefficient will give a minimum in the curve 
again. Since such a steep rise in temperature coefficient can be due only to 
increasing concentration of soluble materials, it is implicitly assumed (in 
taking the end of the horizontal step as the end of the setting process) that 
the time of final set corresponds to a definite and fixed solution concentration, 
i.e., a fixed free-water/cement ratio. In fact, the conditions necessary to 
give a curve with a horizontal step appear, when examined quantitatively, 
to be so restrictive and arbitrary that further experimental evidence is needed 
before the form of the isothermal curve can be settled. 

From a practical point of view the effect of temperature corrections seems 
to be similar in either case, 7.e., “the position of the characteristic point indi- 
rating the . . . end of the setting process’ has been moved to the left by 
between a quarter and half an hour for any value or arrangement of values 
of the temperature coefficient which is consistent with the known behavior of 
electrolytes. This increases the discrepancy observed by Mr. Calleja be- 
tween setting time as indicated by resistance measurement and the maximum 
of the temperature-time curve. There are good and well established reasons 
for concluding that the maximum of the temperature-time curve represents 
closely the end of the reactions accompanying the setting process. Conse- 
quently any real difference between the maximum of this curve and the 
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minimum, or flat, of the R-t curve must (at least until we have a more de- 
tailed knowledge of the reasons for these changes in resistance) cast doubt 
on the claim that the position of the resistance minimum indicates the time of 
final set. It is difficult to determine from the data given in the paper how 
large this difference may be, because the high heat capacity of the temperature 
measuring equipment will have delayed observation of the temperature 
maximum. 

It appears from these recalculated curves that although the R-t curve may 
be of the form shown in curve 1, Fig. 5, it is equally likely that the minimum 
may be independent of any temperature changes; but we have insufficient 
quantitative information about the changes in cement paste which produce 
these variations in resistance or of their relation to the temperature maximum 
to be certain of their exact significance. 

The old established use of the temperature maximum to determine the 
time of final set is thus more soundly based (in our present state of knowledge) 
than that of the resistance minimum. If, however, reasons for the observed 
variations of electrical resistance can be determined in detail, they may well 
throw a new light on the setting mechanism. 


ACCURACY, SENSITIVITY AND UNIFORMITY OF RESULTS 


Despite the theoretical uncertainties regarding the significance of the re- 
sistance minimum, its observation as a means of determining the time of final 
set would be worth while if some practical advantagé could be obtained over 
the older methods. 

Although it is stated with respect to the resistance method that “the largest 
discrepancies registered . . . are within a maximum variation of 15 minutes’’ 
(p. 530), insufficient evidence is given of the number of tests made to enable 
any estimate to be made of the statistical worth of this statement, nor has 
any evidence been produced to show that a greater variation may be expected 
under the same experimental conditions with other methods of determining 
the time of set. The range of values for setting times by the method of tem- 
perature rise (taken from the curves of Fig. 3 and 4) is in each case less than 
the 15 minutes claimed for the resistance method. If the additional results 
for cement No. 2 given in Fig. 2 are considered, it will be seen that while the 
range of setting times as determined by temperature rise is increased to a 
total of 15 minutes those determined by resistance measurements are in- 
creased to 30 minutes. . 

Apparently changes in experimental conditions affect the results obtained 
by resistance measurement more than they do those obtained by more con- 
ventional temperature measurement. This seems to be a serious flaw in the 
resistance method if it is intended that it should be used as a standard method 
to determine characteristics of batches of cement. 

If by accuracy and sensitivity the author means the precision with which 
setting time can be chosen, there appears to be little to pick between tem- 
perature and resistance methods. In Fig. 3 the peaks of the temperature 
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curves are sharper than those of the resistance curves, while in Fig. 4 the 
reverse is the case. In both methods it is equally difficult to pick the initial 
set (beginning of the first upward slope) with any precision. 

Sharpness of the peak in the temperature-time curve can be largely con- 
trolled by suitable choice of thermal constants of the apparatus, but no such 
control is available for resistance measurement (except insofar as resistance 
is affected by temperature). The temperature method would therefore appear 
to have some advantage in this regard. 

It has further been claimed in favor of the resistance method that it ‘‘“makes 
it possible to record changes instantaneously. However, in recording tem- 
peratures this is not the case.’’ Hence it is claimed that “the readings for the 
R-t curves are more precise than those of the 7-t curves’’ and that the lag 
caused by the thermal capacity of the apparatus “fully accounts for the 
relative displacement of the two curves”’ (p. 535). 


When the method of measuring temperature is considered, the lag in thermal 
measurements is only what would be expected; but why should the thermo- 
metric apparatus have such a large heat capacity? What is the necessity 
for placing the thermometer inside an iron tube of mercury? Why not mount 
it directly in the paste, after coating the bulb with a layer of soft paraffin 
to facilitate withdrawals? This method is in regular use in this laboratory 
for similar measurements on plaster Of paris, and tests have shown that such 
greased thermometers are easily withdrawn from set cement paste (approxi- 
mately 17 hr after mixing). If a suitable thermometer is not available the 
problem could be solved (and the heat capacity still further reduced) by em- 
ploying an expendable thermocouple or couples. This would also give the 
thermometric method the other advantage claimed for resistance measure- 
ments, that of being adaptable to automatic recording (conclusion 6, p. 536). 

While the high heat capacity of the apparatus used by Mr. Calleja must 
account for at least some of the relative displacement of resistance and tem- 
perature curves, it seems rash to claim that it fully accounts for the difference 
(p. 535) without more precise data on the actual magnitude of thermal lag 
of the instruments. Maximum temperatures reached and the apparent lag 
between temperature maximum and resistance minimum taken from curves 
for cements 1 and 2 are tabulated below. 


Max. temp. Apparent lag, min. 
(nearest 1°C) 


Cement 1 44 10 Fig. 2 
44 15 Fig. 3 (curve 6) 
44 5 Fig. 3 (curve 7) 
Cement 2 36 5 . Fig.2 ° 
35 30 Fig. 4 (curve 8) 
36 35 Fig. 4 (curve 9) 
37 25 Fig. 4 (curve 10) 
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The variation in lag obtained with the same cement under supposedly 
identical experimental conditions, e.g., 10 min. between curves 9 and 10 with 
cement 2 and between curves 6 and 7 with cement 1, and the range of up to 
30 min. when the conditions are not identical (cement 2), suggest that further 
investigation is needed before it can be claimed that thermal lag fully accounts 
for the difference. 

It appears therefore that although a more detailed investigation of the 
change of electrical resistance with time may help us to a better understanding 
of the mechanism of setting of hydraulic materials, our knowledge of such 
changes is not yet complete enough for us to say with certainty that they can 
advantageously be used to replace the older methods of measuring setting 
times. 
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AUTHOR'S CLOSURE 


Mr. Waters’ attention, and also his doubts, are centered on two specific 
points: soundness of the theoretical basis of the proposed method and the 
accuracy, sensitivity, and uniformity of results compared to those of classical 
methods. 

Referring to the theoretical basis of the method, Mr. Waters draws atten- 
tion to curve 1, Fig. 5, which, it must be remembered, is not experimental, but 
hypothetical. Experimental data obtained to date on R-t isothermal curves 
are not considered final by this author. 

Allowing for discrepancies between an experimental curve and a hypo- 
thetical curve taken as basis of an argument, curve 1, Fig. 5, can be correlated 
to experimental curves obtained by Shimizu! for isothermal conditions (pro- 
vided care is taken to transform the conductivity-time data of Shimizu into 
resistance-time). Following Mr. Waters’ argument, if the graphs obtained by 
Shimizu were to be confirmed in our experiments, then curve 1, Fig. 5, would 
be justified, and the minimum value shown on the R-t curves would be simply 
a reflection of the temperature rise. 

Tests under isothermal conditions? (though the results are not final) seem 
to indicate that for a constant temperature of 25 + 5C, R-t graphs still 
exhibit a well defined minimum value at the end of setting. Should this be 
confirmed, Shimizu’s results would require revision. It would also show, as 
stated by Mr. Waters, that curve 1, Fig. 5, has no real meaning as an R-t 
curve for isothermal conditions, and furthermore that the minimum point of 
the R-t curve would not depend, at least exclusively, on temperature changes. 

In any case, it is most important to get reliable information on the changes 
in the cement paste which cause changes in its electrical resistance, and also 
on the minimum point in R-t isothermal curves. Our present state of knowl- 
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edge on setting does not provide this information. A wide variety of experi- 
mental data and their mutual relationships are essential before this problem 
can be well understood. 

As regards the value of 1 percent per degree C as a temperature coefficient 
for electrical resistance of the paste, this is an assumed value. (But this factor 
has not been applied at all, for reasons given later.) Hence this coefficient is 
not an experimental datum, but is based on the following arguments. 

The temperature coefficient of cement paste, after mixing, will probably 
have a value corresponding to that of solutions of bases and salts. It is 
reasonable to suppose that this value will not remain constant during setting 
but will vary. This variation will probably be such that the coefficient will 
decrease as setting progresses. This seems logical since ions will tend to lose 
mobility, among other reasons, because they will be increasingly subjected 
to the action of electrical fields of gel and colloidal micells, which emerge 
progressively as advocated in Michaelis’ and other authors’ theories.* 

It would not be easy to determine, or even predict, the law of variation 
(reduction) against time of the temperature coefficient in the course of setting. 
But it is feasible to believe that, in accordance with the theories suggesting 
that ion movements decrease or even stop, the temperature coefficient, es- 
pecially in the final stages of setting, would reach a substantially lower value 
than that corresponding to diluted ionic solutions. It is these reasons that 
have led the author to view as reasonable a mean temperature coefficient for 
electrical resistance of the paste lower than that corresponding to solutions 
cited above. 

It is evident that the use of 1 percent per degree C as a correction factor 
would affect the shape of R-t curves and, what is more important, position 
of the minimum point in an almost negligible manner. This is clear from 
Fig. A, given by Mr. Waters. In any case, he admits it is difficult, if not im- 
possible, to know which is the real value to be assigned to the temperature 
coefficient of the electrical resistance of the cement paste. Also, whatever 
the coefficient, the difficulty of applying it is even greater if it is remembered 
that it does not remain constant during the whole setting process, and that it 
would be even more difficult to find its law of variation. 

But the adoption (more or less arbitrarily) of some coefficient, and the 
reasons for its selection (necessarily subjective to'a large extent owing to lack 
of really definite data), seems a secondary matter. The main issue seems to be: 
Is it permissible and convenient to correct R-t curves by referring experimental 
electrical resistance data to a given temperature? 

(a) The tests were made under almost adiabatic conditions as most nearly 
approaching actual conditions in practice. It would seem strange to correct 
data obtained under those circumstances to refer them to unreal isothermal 


-conditions, since these have in no way been operative during the tests. Be- 


sides, the author agrees with Mr. Waters that to effect this correction it 
would be essential ‘to know exactly both the temperature coefficient and its 
law of variation during setting. At the moment we are far from knowing this. 
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(b) In our conditions of work and in ordinary practice there is an increase 
of temperature during setting, and this influences the electrical resistance. 
The mere fact that this influence exists, which Mr. Waters recognizes in 
Fig. A, forces us to accept it. That is, the R-t curves must be accepted with 
the modifications caused by temperature variations, since these are inherent 
in the setting phenomenon. 

(c) Isothermal R-t curves may exhibit a minimum, as provisional curves 
appear to show,” or their shape may be that of curve 1, Fig. 5. The minimum 
may simply reflect the temperature increase, it may be due to other causes, 
or, in the most general case, it may be due to both. But independent of its 
possible cause, it is an established fact that this minimum is closely related 
to the maximums on the 7-t curves. On this fact rests most of the proposed 
method. So much so, that when this relationship does not exist the method 
cannot be applied, at least in the form initially proposed.? 

Work has been conducted under almost adiabatic conditions, and a very 
near coincidence has been observed between the time coordinate of the T-¢ 
maxima and the R-t minima. On this, certain observations should be made. 

(1) If the corrections suggested by Mr. Waters were applied to the R-¢ curves, the minima 
would be displaced to the left as shown in Fig. A so that the discrepancy with respect to the 
T-t maxima would be still larger. 

(2) The corrections amount to a transformation of the almost adiabatic R-t curves into 
isothermals, 7.e., there would be a greater separation from perfect adiabatic conditions. Hence 
it seems reasonable that in perfect adiabatic conditions the deviation between 7-¢ maxima 
and F-t minima would be much smaller than for an.almost adiabatic state. Besides, to know 
the process of setting under isothermal conditions it is best for experimental conditions also 
to be isothermal. Then curve R-t would be directly obtained, without requiring any dubious 
correction. Shimizu worked that way,! and that is our present laboratory method. 

(3) A much closer approximation between 7'-t maxima, and R-t minima is always possible 
if temperature of the paste is measured by means of thermocouples instead of thermometers. 

Observations (a) and (b) show that it is not permissible to correct R-t 
curves by applying a doubtful temperature factor. Remarks (c) (1) and (2) 
also indicate that it is not advisable. In the work covered by the paper, 
temperature variation during setting has been studied only as a check on the 
R-t curves. 

If the technique described is to be applied in practice, no temperature 
measurements have to be. made, for otherwise the method is greatly compli- 
cated and consequently loses one of its greatest advantages. If no record of 
temperature is made, it is not possible,to make a corresponding correction. 
Besides not being useful or convenient to correct R-t curves, it only adds 
unnecessary labor since if both measurements are made either the R-t curves 
or the 7-t curves are superfluous. 

Observations (c) (2) and (3) show moreover that there is close agreement 
between 7-t maxima and #-t minima and that it is possible to obtain a time 
coordinate coincidence of these maximum and minimum points. Hence, 
for given experimental conditions, the minimum point of the R-t curve is 
closely related to the end of setting, since the 7-t maximum is so related. 
Furthermore, this implies that if 7-t curves have a sound theoretical basis, 
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this will also apply to R-t curves. Although with our present knowledge 
this is not well understood, it does not detract from the argument. This 
theoretical basis cannot be known until a thorough knowledge is gained, not 
only of the relationship between R and 7’, but also of that linking R with the 
many variables which could and should be taken into account in connection 
with the setting phenomenon. 

The author also disagrees with the suggestion that the proposed method is 
a cumbersome way of performing the old established technique of determin- 
ing the setting time by observing the temperature rise of paste. Measure- 
ment of a temperature is always, at least under our conditions of work, as 
troublesome as the measurement of an electrical resistance, and usually much 
more so. Two examples will make this clear. 

(1) Sometimes measurements have to be made at a working site, for example, close to a dam 
under construction. In such a ease it is evident that measurement of a temperature is far 
more inconvenient than measuring a resistance or conductivity, assuming in each case ade- 
quate equipment. 

(2) The same would occur if the process of setting and hardening were to be observed at 
plants making prefabricated units kept inside a curing chamber or autoclave. It is much 
easier to measure from outside the electrical resistance of a mass of mortar or concrete than a 
temperature. - Besides, measurement of temperature would give a value at a given point of 
the mass for each thermocouple, while the electrical resistance would be given by a value 
relating to the whole mass contained between the electrodes. This in our opinion gives a 
more representative result. 

The number of tests to which the expression ‘‘the largest discrepancies 
registered . . . are within a maximum variation of 15 minutes” (p. 530) 
refers, was 38. Curves shown in the original paper were selected at random 
from among the 38 results. Altogether more than 200 tests have been done 
now with the new method. In almost al! these it has been observed that 
peaks of resistance curves are sharper than those of temperature curves. 
This makes it unnecessary to look for doubtful methods to increase the sharp- 
ness of these peaks, and reduces the advantage which Mr. Waters attributes 
to the temperature method. 

Although the temperature and resistance methods are equally convenient 
if automatic recording is adopted (provided temperature is recorded by 
thermocouples) nonetheless, thé foregoing examples, among others, show 
that the advantage lies once again on the side of the new method. 

The author does not believe that in the new method variations in experimen- 
tal conditions should affect the results more than in the case of thermal 
methods. But even so, it is clear that if a standardized procedure were to 
be developed, careful thought would be given as to most suitable experimental 
conditions. 


Summarizing, we have the following points: 
(1) There should be no concern about correcting, by means of a tempera- 
ture coefficient, the R-t curves obtained adiabatically. 


(2) The existence of a sound theoretical basis for this method should not 
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be denied simply because for the moment it is not well known. It is believed 
that such a basis exists. 

(3) The proposed method has all the advantages of thermal methods. 
Conversely, it lacks its disadvantages. 

Finally, importance is attached to any contribution tending to clarify 
the theoretical significance of the R-t curves. This would lead to a better 
and more complete knowledge of the setting phenomenon. 
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Calcium Chloride in Concrete’® 


By J. J. SHIDELERT 


SYNOPSIS 
Calcium chloride has been used for many years to accelerate the early 
strength development of concrete. Its effects on other properties of concrete 
are not as well known. This paper presents test results on the effects of type 
of cement, age, temperature’and mix proportions on the strength of concrete 
containing CaCl2, as well as the effect of CaCl. on the volume change, heat 
generation, time of set, alkali-aggregate reaction, resistance to abrasion and 
sulfate attack of concrete. References to the work of other investigators and 

some of their general conclusions are included. 


INTRODUCTION 


Numerous tests have been performed by the Bureau of Reclamation to 
determine the effect of CaCl, on various properties of concrete. CaCl, acceler- 
ates early strength development and is particularly useful when concrete is 
placed during freezing weather. One percent CaCl., by weight of cement, 
along with air entrainment, has been specified by the Bureau for concrete 
subject to freezing conditions at early ages. However, CaCl, generally in- 
creases volume changes of concrete either under moist curing or drying con- 
ditions. It also increases the alkali-aggregate reaction and reduces the re- 
sistance of concrete to sulfate attack. 


EFFECTS ON STRENGTH 


The principal reason for using CaCl, in concrete is to produce early strength, 
required to permit early removal of forms or to provide protection against 
freezing. The effectiveness of CaCl, in promoting early strength is dependent 
upon many factors, including amount of CaCl., type and brand of cement, 
richness of mix, temperature of concrete, and curing conditions. In all tests 
discussed CaCl, was used as an integral addition to the concrete and not as 
a surface application. 


Type of cement 


CaCl, in the amount of 1 or 2 percent by weight of cement increases the 
early strength of all types of cement. Typical results are shown in Fig. 1. 
These data were obtained in the laboratories of the Bureau of Reclamation,' 


*Presented at the ACI 48th annual convention, Cincinnati, Ohio, Feb. 27, 1952. Title No. 48-36 is a part of 
the copyrighted JourNAL OF THE AMERICAN CoNCRETE INstTITUTE, V. 23, No. 7, Mar. 1952, Proceedings V. 48, 
Separate prints are available at 50 cents each. Discussion (copies in triplicate) should reach the Institute not later 
than July 1, 1952. Address 18263 W. MecNichols Rd., Detroit 19, Mich. 
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Fig. 1—CaCl. increases the compressive strength of concretes made with all types of cement 


but numerous investigators have reported similar results. Cylinders were 
made from similar mixes containing each of the five types of cement, with 
a 0.55 water-cement ratio, a cement content of about 5.8 sacks of cement 
per cu yd, either with or without an addition of 2 percent CaCl,. The cylin- 
ders were cast at 70 F, and cured at 100 percent relative humidity and 70 F. 
This study shows that each of the concretes was considerably improved in 
early strength development by the addition of the salt. In each of these 
concretes the CaCl, developed strengths in less than 114 days equal to the 
3-day strength of concrete without CaCl». 

The 28-day strengths for the plain and admixed concrete made of Type III 
cement were approximately equal, but the strength ratio of plain and admixed 
concrete made of other cement types favored the CaCl, concretes to a con- 
siderable extent. 

Table 1 gives the length of time required for each of these concretes to 
obtain a strength of 2000 psi. 


TABLE 1—TIME REQUIRED FOR VARIOUS CONCRETES TO ATTAIN 2000 PSI 


| Time, days 
| 





Cement type | Plain concrete |Admixed concrete 
I (Normal) 4 17 
II (Modified) 5 2 
III (High early strength) | 1 0.6 
IV (Low heat) 9 4 


V (Sulfate resisting) | 
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Fig. 2—CaCl, may be detrimental at higher temperatures 


In another series of tests made primarily to study the combined effect of 
an air-entraining agent and CaCl., compressive strengths were obtained to 
age 2 years. Some of the 6 x 12-in. cylinders were cast and maintained at 
70 F, other were cast and maintained at 40 F for 37 days prior to storage at 
70 F. All specimens were continuously moist cured. CaCl: increased the 
strength at all ages, with one exception. Specimens cast at 70 F had higher 
early strength but lower strength after 6 months than specimens cast at 
40 F (Fig. 2). For these 40 F tests, each 1 percent addition of CaCl, increased 
the strength about 200 psi for ages‘ between 3 days and 2 years. At 70 F, 
strength differences slightly, greater than this were obtained at early ages. 
At 70 F, 3 percent CaCl, produced the highest strength at 1 day, but produced 
the lowest strengths after 28 days.* This indicates that as far as strength is 
concerned more CaCl, can be used safely at low temperatures than at higher 
temperatures. The greatest percent strength increase due to CaCl, was 
produced at early ages and with the lower temperatures. 

Although a precipitate was formed when the CaCl, and the air-entraining 
agent were added to the mixing water, the effectiveness of neither admixture 
was impaired to any noticeable extent by the combination. 

Although the primary purpose of using CaCl, is to produce high early 
strengths, greater strengths may persist for several years. At Grand Coulee 
Dam,’ 6 x 12-in. concrete cylinders made with Types I, II, and V cement 
with cement contents of 414, 6, and 71% sacks per cu yd and 0 and 2 percent 
CaCl, were stored in clear water in an outdoor pond for 5 years. The con- 
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crete with CaCl, produced equal or greater strength at all ages for all combi- 
nations. Fig. 3 shows the strength obtained using a Type II cement; similar 
curves were obtained for the other two cements. 

Abrams? presented data on the compressive strength of concrete and mortar, 
made of four brands of cement and having admixtures of from 0 to 10 percent 
CaCl.. These data show that in the vast majority of tests, concrete containing 
the salt at concentrations not exceeding 4 percent had greater strength than 
untreated concrete at test periods ranging from 2 days to 3 years; but 7 
percent and higher percentages of calcium chloride produced lower strengths 
at all ages. 

Russell® found that 2 percent CaCl, was beneficial in promoting higher 
early strengths in modified cubes made with standard and high early strength 
cements when placing temperatures were 40, 50, 60 and 70 F. At the end 
of a year the majority of cubes containing the salt continued to show higher 
strength than the plain mortar cubes. Four and 5 percent CaCl, increased 
early strength but reduced strengths at 1 year. With a high early strength 
cement, 5 percent CaCl. was detrimental at all ages. 

Temperature 

The temperature at which a concrete mass is placed and cured is an im- 

portant factor in controlling the rate at which concrete develops strength. 
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Fig. 3—CaCl, increases compressive strength at all ages 
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CaCl:, because of its influence in promoting accelerated hydration of cements, 
compensates for the normally slow strength development of concrete placed 
during cold weather. The Bureau of Reclamation laboratory® has presented 
data for low temperature placement of concrete containing 0, 1, and 2 percent 
CaCl., with Types II and V cements and a 0.50 water-cement ratio. In these 
tests, concrete with an initial temperature of 50 F was cured for 3 days at 
that temperature prior to storage at freezing or near freezing temperatures. 
Fig. 4 and 5 show that concrete containing 2 percent CaCl., either stored at 
32 F after 3 days at 50 F, or frozen for 3 days after 3 days at 50 F, had greater 
strength at all ages than concrete without CaCl, stored continuously at 50 F. 
Concrete containing 1 percent CaCl. showed an advantage similar to that 
containing 2 percent of the salt but to a lesser extent. Fig. 6 shows the 
strengths of concrete made with Type V cement and 0 and 2 percent CaCl: 
additions, given one daily cycle of freezing at 10 F and thawing at 50 F in 
air for 25 days. Similar curves were obtained with a Type II cement. 

Additional data were also obtained on concrete containing 0 and 1 percent 
CaCl., mixed and maintained at 50 F for 24 hours prior to storage at temper- 
atures of 16, 50, 70 and 100 F for periods to 1 year (Fig. 7). These 6 x 12-in. 
cylinders contained Type II cement with 4 percent air and were sealed in 
metal containers. At 16 F the concrete with CaCl, at all ages had approxi- 
mately twice the strength of concrete with no CaCl, and a strength of 2600 
psi at 1 year. Frozen specimens were thawed in water prior to testing. CaCl, 
and higher temperatures develop higher strength at early ages, but all speci- 
mens, regardless of storage temperature or percentage of CaCl, with the 
exception of the 16 F specimens, had approximately the same strengths at 
1 year. Tests conducted at 33 F were discontinued at 28 days due to the 
difficulty of maintaining this particular temperature, but during this period 
the concrete containing CaCl, showed considerably higher strengths. 
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Tests conducted by the National Bureau of Standards’ in which 0, 2, 3 


-) 
and 4 percent CaCl, were used in concretes mixed at 70 F and immediately 
placed and cured at 20, 25, 32 and 40 F show that the CaCl, increased the 
strength of the concrete considerably at all ages from 1 to 28 days. These 
data show the advantage of using CaCl. when the concrete may be subjected 
to freezing temperatures shortly after placement. Although the higher 
percentages of CaCl, produced higher strength at all temperatures and ages, 
4 percent CaCl. produced only slightly higher strengths than 2 percent. 

Clemmer® conducted an extensive series of tests of concrete placed and 
cured at temperatures ranging from 25 to 70 F, and has shown the beneficial 
effect of CaCl. at low temperatures. 

Cement content 

Bureau tests have shown that CaCl, is more effective in increasing the early 
strength of rich concrete than of lean concrete. Fig. 8 shows the effect of 1 
percent CaCl, on the strength of concrete containing five, six and seven 
sacks of Types II and V cements. At 1 day, 1 percent CaClz produced a 
strength gain equivalent to the addition of 2 sacks of cement and at 3 days 
more than 114 sacks. At later ages an additional sack of cement produced 
considerably more strength gain than the 1 percent CaCl,.. Fig. 9 presents 
the data for the Type V cement in a different manner and shows that at 28 
days each additional sack of cement, increased the strength about 1000 psi 
and that 1 percent CaCl, increased the strength only about half this amount. 
Curves for the Type II cement were similar and showed that 1 percent CaCl, 
produced a greater increase in strength at early ages than an additional 
sack of cement, but after 7 days the additional cement produced the greater 
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strength. Where Type V cement is required to provide resistance to sulfate 
attack, the additional cement should be used instead of CaCl, as discussed 
later. 

Clemmer® has presented similar data using 2 percent CaCl, and standard 
(Type I) and high-early (Type III) cements. At 1 day, 2 percent CaCl: pro- 
duced a strength gain greater than that obtained with 2 additional sacks of 
cement, and at 7 days equal to about an additional 14 sack of cement. His 
data also show that CaCl, produces greater unit-strength gain in rich concrete 
than in lean concrete, but that CaCl, generally produces a larger percent 
strength gain in the leaner mixes. 

Abrams‘ conducted an extensive study including 0 to 10 percent CaCl, 
with mix proportions ranging from 1:2 to 1:7 by volume. He concluded 
that the increase in strength due to the addition of 2 percent CaCl, was 
practically negligible for a 1:7 mix, it increased with the cement content up 
to about a 1:4 mix, and for mixes richer than 1:4 the strength increase remained 
about the same: He also concluded that no advantage was gained by using 
percentages of CaCl. greater than 2 or 3 percent of the weight of cement 
regardless of mix proportions. 

Flexural strength 

Most investigators show that CaCl, increases- the flexural strength during 
the first few days but has little effect at later ages. In one series of tests 
performed by the Bureau,'® concrete prisms, with 0, 1, 2.and 3 percent CaCl, 
were fog cured for 14 and 28 days, then dried at 70 F and 50 percent relative 
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humidity for 18 months, then tested in flexure. For specimens fog cured 
14 days, 2 percent CaCl, decreased the flexural strength about 10 percent, 
and for specimens fog cured 28 days, increased the flexural strength about 
10 percent. 

Russell,®> conducted a study of flexural strength of concrete cured at 40, 
50, 60 and 70 F with Types I and III cements and 0, 2 and 4 percent CaCls. 
Flexural strengths were obtained only at 1, 2 and 3 days’ age. His data 
show that CaCl, increased the early flexural strength. At 60 and 70 F there 
was little difference between 2 and 4 percent CaCl., but at 40 F, 4 percent 
CaCl, produced considerably higher strengths than 2 percent CaCl. The 
Type III cement was used at 40 F only and 4 percent CaCl. showed no 
advantage over 2 percent. ; 

Vollmer’® obtained flexural strength data on concretes cured nine different 
ways, and shows that CaCl, increased the flexural strength at early ages 
but decreased it slightly at 28 days. The decrease at later ages may have 
been due to the difference in curing conditions, as the concrete without CaCl. 
was moist cured 72 hours and the concrete with CaCl. only 18 hours. 
Clemmer and Burggraf** have shown that CaCl, increased the 28-day trans- 
verse strength of concrete prisms cured at temperatures below freezing. 

Stanton*®® has presented data which show that CaCl, had no effect on the 
flexural strength of beams taken from a concrete highway at ages of 28 days 
and 6 months. Companion compyessive strength specimens showed no 
strength gain due to CaCl, at these ages, but showed a 26 percent increase 
at 11 years’ age. 

Olson,?* Tennessee Department of Highways, showed that 1 and 2 percent 
CaCl. was detrimental to flexural strength at ages of 7 days to 3 months. 
Other investigators have shown that CaCl, increased the flexural strength to 
7 days but had either no effect or slightly decreased the flexural strength at 
28 days and 1 year. Reliable data show that 2 and 4 percent CaCl, decreased 
the 28-day flexural strength of moist-cured concrete 10 and 20 percent, re- 
spectively, but had no effect on concrete dried after 7 days. 

Tensile strength 

Platzman'! has shown that CaCl, in amounts of about 0.5, 1.0 and 1.5 
percent had no effect at 7 and 28 days’ age and was slightly detrimental at age 
2 and 3 months. Levens!? showed that from 2 to 5 percent CaCls increased 
the 28-day tensile strength of mortar specimens dried after 1 day, but that 
2 percent of the salt produced the highest tensile strengths. Under moist 
curing, more than 2 percent CaCl, produced lower strengths than specimens 
without the salt. 


OTHER PROPERTIES 
Heat of hydration F 


Several investigators have determined that CaCly increases the heat of 
hydration of cement during the first few hours, but has little effect after 1 
day. In tests conducted by the Bureau of Reclamation on Type II cement, 
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Fig. 10—CaCl. increases heat development only’at early’ages 
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the addition of 1 percent CaCl, increased the 1-day heat of hydration 30 
percent. This includes the effect of increased rate of heat generation caused 
by the higher temperatures obtained with CaCl,. The temperature rise was 
determined over a 28-day period in an adiabatic calorimeter room on a 700 
lb mass-concrete specimen. Tests included concrete specimens containing 
5.3 sacks of cement per cu yd, a 0.53 water-cement ratio, with and without 
CaCl, and with and without a 30 percent fly ash replacement of cement. 
The heat of hydration was computed from the temperature rise data and the 
average specific heat determined for the concretes. The initial temperature 
for these tests was about 53 F. Test values are shown graphically in Fig. 
10 and 11. Fig. 11 is an expanded graph of the first few days and shows 
more clearly the effect of CaCl, on the temperature rise during early ages. 
Compressive strength curves for these concretes are included. The addition 
of CaCl, resulted in a greater rate of hydration for the first 36 hours of the 
test, as indicated by Fig. 12. When the increased rate of hydration, due to 
the higher temperature, is considered, it is concluded that the CaCl, is active 
only during the initial 24 hours. 

CaCl, increases the rate of temperature rise and causes the maximum to 
occur earlier (Fig. 12). With this particular cement the maximum rate 
occurred at about 12 hours without CaCl. and at 8 hours with CaCls. 

Bureau of Reclamation tests on concrete containing fly ash indicate the 
increase in temperature rise to be no greater than would result from the 
cement and CaCl, alone, leading to the conclusion that CaCl. is not effective 
in increasing the rate of heat generation of fly ash. 

Tests conducted by Paul Rapp’ showed similar relationships in the heat 
of hydration with a much smaller difference due to CaCl. at 24 hours. A 
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Fig. 12—CaCl, accelerates early heat development 
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Fig. 13—CaCl. decreases resistance to sulfate attack 


small neat cement sample enclosed in a thermos bottle was used for these 
tests. The effect of temperature rise was eliminated to a large extent, which 
may account for a portion of the difference between these tests and the 
adiabatic tests conducted on concrete by the Bureau of Reclamation. 


Sulfate resistance 

On the Grand Coulee Project* sulfate attack on concrete has imposed a 
severe problem and has been under study for several years. A very extensive 
series of tests, including air-entraining agents and CaCl., has been in progress. 
Types I, II, and V cements, with cement contents of 44, 6 and 7% sacks 
per cu yd, with 0 and 2 percent CaCl, were used. Prisms and cylinders were 
stored in fresh water and in water of high sulfate content in outdoor ponds. 
These specimens were tested for length change, compressive strength, and 
dynamic modulus, and 5-year data are now available. 

CaCl, contributed to lower resistance to,sulfate attack in all cases. Fig. 13 
shows the expansion of 3 x 3 x 1614-in. prisms containing a Type I cement 
and stored in the sulfate pond. The 4'%-sack mix with 2 percent CaCl, 
showed 0.73 percent expansion at 5 years’ age, while the prisms without 
CaCl, showed only 0.17 percent. The 6-sack mix showed expansion of 0.28 
and 0.14 percent with and without CaCl, respectively. The 714-sack mix 
had an expansion of about 0.05 and this was onfy slightly increased by CaCl. 
The prisms containing Type II cement showed considerably greater expan- 
sions than those with Type I cement, and in the leaner mixes the CaCl, was 
particularly detrimental (Fig. 14). Both the Type I and II cements had a 
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Fig. 14—CaCl. decreases resistance to sulfate attack particularly in lean concrete 


low C3A content, about 5 percent, which probably accounts for their similar 
performance. 

The PCA Long Time Study of Cement Performance in Concrete*® has 
shown that Type I cements are generally less resistant to sulfate attack than 
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Fig. 15—CaCl, least detrimental to sulfate resistance with Type V cement 
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Fig. 16—CaCl, reduces compressive strength of concrete under sulfate attack 


That is, CaCl, was generally 


The Type V cement was very effective in limiting the 
expansion (Fig. 15), but prisms containing CaCl, expanded more than those 
without the admixture. 
Compressive strength results show trends similar to those indicated by 
length change measurements of the prisms. 
detrimental to concrete exposed to sulfate attack, particularly the concrete 
The concretes containing 744 sacks of cement with 
a Type II or V cement were the only ones not adversely affected by CaCls. 
Compressive strength of 6 x 12-in. concrete cylinders, containing a Type I 
These specimens were stored in the sulfate 
The CaCl, produced higher strengths for 3 years but considerably 
The concretes with the lower cement contents 
of Type II cement and containing CaCl, were severely damaged by sulfate 
attack but at 5 years the CaCl, was not detrimental in the 714-sack concrete 
Type V cement showed greater resistance to attack, but only the 
714-sack mix was not adversely affected by CaCl, at age 5 years (Fig. 18). 
The use of air-entrainment counteracted to a large extent the detrimental 
effect of CaCls. 
Alkali-aggregate reaction 
CaCl, generally increases expansion caused by alkali-aggregate reaction. 
Certain aggregates react with the alkalies in cement to produce a silica gel 
which by swelling may produce stresses great enough to rupture the concrete. 
However, when this reaction is effectively controlled by the use of both low- 
alkali cement and pozzolan, the effect of the CaCl, appears to be unimportant. 
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Fig. 17—CaCl. reduces compressive strength of lean concrete under sulfate attack 


In the standard mortar-bar test, a high-alkali cement, 1.16 percent Na.O 
and 0.04 percent K20, was used with three reactive sands, Republican River, 
Kimball, and Pyrex glass, and 0, 1 and 2 percent CaCl.. Bars were stored 
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Fig. 18—CaCl. has little effect on sulfate resistance with Type V cement 
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at 100 F in sealed containers with a little water in the bottom of the containers 
but not in contact with the bars. CaClz increased the expansion about 30 
percent at age 1 year for each of these aggregates. These expansions were 
in the range of 0.27 to 0.70 percent as shown in Fig. 19. When low-alkali 
cement, 0.11 percent Na.O and 0.57 percent K.O was used, all expansions 
were reduced to the range of 0.08 to 0.16 percent. For two aggregates with 
the low-alkali cement, bars containing CaCl, showed 50 to 100 percent more 
expansion than the bars without CaCl., while in bars containing the third 
aggregate the expansion was reduced by the addition of CaCl. 

In another series of tests, now in the preliminary stage, an attempt is being 
made to further evaluate the effect of CaCl, on the alkali-aggregate reaction. 
High- and low-alkali cements are used with Republican River and Pyrex 
glass aggregates. Each of three pozzolans and 0 to 4 percent CaCl. are also 
included with each cement-aggregate combination. Mortar bar specimens 
have been under test only 3 months, but some trends are apparent. Fig. 
20 indicates that CaCls is detrimental with Republican River aggregate and 
is slightly beneficial with the Pyrex glass aggregate. 

Freezing and thawing 

Many tests have been made by the Bureau of Reclamation to determine 
the effect of CaCl, on the resistance of concrete to freezing and thawing. 
All early tests were made on non-air-entraining concrete and generally these 
tests indicated that concrete containing not more than 2 percent CaCl, gave 
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higher resistance to freezing and thawing than concrete without the accelerator. 
However, these concretes were immature when subjected to freezing and 
thawing, usually within 28 days after placing. 

Since that time, many air-entraining concretes have been tested at many 
ages and under different curing conditions. While these tests also indicate 
that CaCl, improves the durability of concretes tested at early ages, they 
almost invariably show that CaCl, decreases durability at later ages. 

This latter statement is demonstrated in Fig. 21, which shows the effect 
of CaCl., curing temperature, and period of moist curing on the durability 
of air-entraining concrete. A greater difference in durability was obtained 
for the concretes moist cured at 40 F than at 70 F. Both graphs, however, 
show the same trend, higher durability at early ages for the concretes con- 
taining CaCl. and lower durability at later ages. The graph for the concretes 
cured at 70 F shows that concrete containing 3 percent CaCl, is the most 
durable when tests are started after the concrete was cured only 7 days, 
but that durability was decreased after additional curing. The optimum 
durability at 40 F was obtained on specimens containing 1 percent CaCl, and 
cured less than 14 days. The cement used in these tests was a blend of Type 
II cements bought on the open market. The trends shown in Fig. 21 have 
been observed on practically all similar tests conducted -by the Bureau of 
Reclamation. 

Results of freezing and thawing tests indicate that CaCl. should be used 
for early protection of concrete placed at winter temperatures®:!* but that any 
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addition of CaCl, reduces the durability of older, more completely hydrated, 
concretes. 


Volume change 

CaCl, increases the volume change of concrete under either moist curing 
or drying conditions. In tests at Grand Coulee* with three types of cement 
and three cement contents, concrete without CaCl, exhibited about two- 
thirds the expansion of concrete with CaCl, in 5 years of storage in water. 
However, none of the expansions exceeded 0.026 percent and are not considered 
detrimental. 

Drying shrinkage is generally increased by additions of CaCl, as shown in 
Fig. 22.45 Two percent CaCl, increased the shrinkage about 10 percent for 
concrete dried for 550 days at 70 F and 50 percent relative humidity. Although 
drying shrinkage is increased, moisture loss is reduced as shown in this figure. 
The moisture loss was reduced one-sixth by the addition of CaCle. 

Fig. 23 shows similar data but with considerably greater differences for 
concrete containing Type V cement. Numerous investigators have found 
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similar relationships, although Yates!® found that CaCl, decreased volume 
change of concrete both in moist-curing and drying conditions. 


Initial settlement 

CaCl, reduces the initial settlement of concrete. A typical curve is shown 
in Fig. 24. Two percent CaCl, reduced the initial settlement about one- 
half, by accelerating the set of the cement. This decrease in the initial settle- 
ment allows more voids to remain in the concrete and may account, at least 
in part, for the greater shrinkage obtained upon drying; as these voids cannot 
restrain the normal shrinkage of the mortar. The initial settlement of con- 
crete without CaCl, is about six times the total drying shrinkage possible 
after the concrete has hardened. Where this settlement is important, as in 
backfilling horizontal holes, or under horizontal surfaces, the use of CaCl, in 
the concrete can be very beneficial. 


Time of set 


Calcium chloride in amounts normally used accelerates the time of set of 
cement. Several investigators, particularly prior to 30 years ago, reported 
that less than 1 percent CaCl. retarded the set of portland cement. Our tests 
involving three types of cemer ‘s and CaCl, showed that small amounts of 
the salt did not retard the set. CaCl. in amounts of 0.1, 0.3, 0.5 and 1 percent 
accelerated the set by 25, 15, 45 and 85 minutes, respectively. The National 
Bureau of Standards!’ data show that 0.5, 1 and 2 percent CaCl. reduced 
both the initial and final set about 144, 1% and 2%, respectively, for eight, 
Type I cements. Abrams‘ showed that the set was accelerated as CaCl, 
was increased and that more than 4 percent of the salt often produced a 
flash set. 

Piepmeier and Clemmer!® performed a series-of time-of-set determinations 
at temperatures of 38 and 68 F using 2 and 3 percent CaClz. Three percent 
of the salt reduced the time of set from about 10 hours to 1 hour at 38 F and 
from 31% hours to 45 minutes at 68 F. 
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Reinforcing steel in concrete 

Many investigators have found that reinforcing steel embedded in dense 
concrete containing CaCl, is not damaged by the salt. Corrosion has been 
found on structural steel embedded in concrete which has been exposed to 
varying humidity conditions when the concrete is porous or moderately 
dense. However, in all instances where this corrosion was observed the 
extent of the action was not progressive and seemed to take place at early 
ages only. Cottringer and Kendall® found no corrosive action on steel bars 
embedded in concrete containing 0 to 10 percent CaCl. at the end of a period 
of 1 year. 

J. C. Pearson®® found no corrosion on steel embedded in concrete con- 
taining 2 percent CaCl, after 6 years’ exposure, and Vollmer?! found that 
when intimate contact exists between steel and concrete, no corrosive effect 
is seen to take place. However, steel embedded in high-slump concrete 
(6 to 8 in.) showed slight rust coloration at early ages but, as borne out by 
other investigators, this corrosion was not seen to be progressive at later 
ages. Studies by the Pennsylvania Department of Highways*®? have shown 
that steel bars immersed in a solution of 2 percent CaCl: showed less corrosion 
than similar bars exposed to tap or distilled water. 

Erosion resistance 


Data obtained in abrasion and cavitation tests conducted in the Bureau 
laboratories strongly indicate that concretes containing 2 percent CaCl, are 
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more resistive to erosive forces than plain concrete under either moist curing 
or drying conditions. Fig. 25 shows that as the curing period was increased, 
the concretes containing the salt maintained the proportional increase in 
resistance to erosion. At all ages to 90 days the cavitation resistance of the 
admixed concrete was about 100 percent greater than the plain concrete, 
the abrasive resistance was from 10 to 25 percent greater. Vollmer!® has 
shown that calcium chloride was beneficial in promoting resistance to abrasion. 


CONCLUSIONS 


Bureau of Reclamation tests show that CaCl, in amounts up to 2 percent 
by weight of cement is often beneficial in concrete. Larger amounts generally 
produce little additional advantage and are often detrimental. More than 
4 percent CaCl, often produces flash set and lower strengths. 


One or two percent CaCl, accelerates early strength development and this 
increased strength may persist for several years. CaCl, may be especially 
beneficial for concrete exposed to low or freezing temperatures at early ages. 
It increases the early heat development, accelerates the set, and lowers the 
freezing point of the concrete slightly. It increases expansion under moist 
curing; it increases shrinkage but decreases moisture loss under drying con- 
ditions. It increases the expansion caused by the alkali-aggregate reaction, 
and lowers the resistance of concrete to sulfate attack. Freezing and thawing 
durability is increased at early ages by CaCl, but is reduced at later ages. 
It is not detrimental to embedded steel. It increases the resistance of concrete 
to erosive and abrasive action. 
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Disc. 48-36 


Discussion of a paper by J. J. Shideler: 
e e e * 
Calcium Chloride in Concrete 
By H. C. VOLLMER, G. M. WILLIAMS and AUTHOR 


By H. C. VOLLMERt 


Mr. Shideler’s paper is of particular value to both researchers and con- 
struction engineers interested in the use of calcium chloride in concrete be- 
cause of its wide scope and its correlation with other research work on this 
subject. Some of the effects of calcium chloride in concrete discussed in the 
paper have been rather thoroughly established and reported in previous re- 
search papers, while other effects discussed are new or relate to subjects on 
which the available data are limited. 

It is of interest to note that the technical literature on the use of calcium 
chloride in concrete is rather extensive. Since 1870 most of the important 
concrete investigators have at one time or another been interested in this 
subject and studies have covered a wide range of properties of cement and 
concrete under various conditions. This material has recently been collected 
and reviewed in an annotated bibliographytf classified by date, author and 
subject. . 

A review of early literature indicates that the use of integral calcium chloride 
in concrete was as an antifreeze or depressant of the freezing point of the 
mixing water and accordingly the use of relatively high amounts were fre- 
quently studied. As mentioned by Mr. Shideler this is not the true function 
of the additive. Rapp, working at the National Bureau of Standards, showed 
that calcium chloride accelerates hydration of tricalcium and dicalcium 
silicates and somewhat retarded hydration of tricalcium aluminates. Foster 
and Wells showed that the normal chemical process of hydration is not changed. 
Calcium chloride probably acts somewhat catalytically to accelerate hydra- 
tion of silicates, the principal strength forming compounds, and combines 
with aluminates similar to the action of gypsum in cement. Rapp, Abrams 
and others have shown there is a definite optimum of calcium chloride of 
about 2 to 3 percent at normal temperatures and that generally 1 to 2 percent 
may produce satisfactory results. 

For practical usage the percentage of calcium chloride is not critical and 
may be conveniently controlled within the permissible tolerance for other 
~ *ACI JOURNAL, Mar. 1952, Saye V. 48, p. 537. Disc. 48-36 is a part-of copyrighted Jou RNAL OF THE AMERICAN 
Concrete Institute, V. 24, Dec. 1952, Part 2, Proceedings V. 48. 
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concrete materials by incorporating it in solution form or using it in the 
dry form. Except for very dry concrete mixes the use of the dry material is 
the more practical. 

Several valuable effects of the use of calcium chloride in concrete not men- 
tioned by Mr. Shideler are reported in the literature notably by Rapp, Voll- 
mer and Kalousek. These reports show that calcium chloride increases work- 
ability of non-air-entraining concrete; also Powers and Steinour have indi- 
cated that calcium chloride decreases the bleeding tendency of concretes. 

The effect of calcium chloride on the resistance of concrete to freezing 
and thawing is of importance to many users. The literature reviewed in the 
bibliography in practically every instance indicates that calcium chloride in 
air-entraining concrete maintains the high order of durability characteristic 
of air-entraining concrete. This applies both in studies of change in dynamic 
E in laboratory freezing cycles and studies of resistance to scaling action of 
concrete subjected to concentrated applications of chemicals for ice removal 
such as is the practice in highway winter maintenance work. Field studies 
of some 100 miles of older concrete roads in New England in which calcium 
chloride was used in non-air-entraining concrete have definitely shown that 
these roads have been highly durable and satisfactory after as much as 20 
years of service with constant winter ice-removing practice. 

Reports presented in the literature indicate that volume change studies 
of concrete with and without calcium chloride have in many instances pro- 
duced conflicting indications. Often observations have been based on age 
readings, that is, a definite length of time after fabrication of specimens, 
rather than on equal hydration basis which is necessary in studying volume 
changes when an accelerator of hydration is used. 

The present day need for low temperature construction, use of air-entraining 
and low heat cement, and concrete containing cement blended with large 
percentages of pozzolanic materials are a few of the factors which have directed 
interest to calcium chloride as an addition to the concrete mainly for the 
purpose of insuring curing protection and satisfactory development of early 
strength. The effect of calcium chloride on the other important properties 
of concrete under these conditions should be thoroughly understood. It is 
believed that Mr. Shideler’s paper is an excellent source of up-to-date in- 
formation on this subject. Comprehensive and practical studies such as this 
paper furnish the materials and construction engineers with basic information. 

teferring to: Mr. Shideler’s comment as to the effect of calcium chloride in 
concrete to resist sulfate attack, Dalton G. Miller stated in a paper presented 
at the 1924 meeting of ASTM, ‘Adding 4 percent calcium chloride to con- 
crete increased the life of specimens in sulfate solutions about 20 percent.”’ 

As mentioned by Mr. Shideler, studies conducted by Yates at the Bureau of 
Standards indicated that calcium chloride reduced volume changes in cement 
specimens. This study involved a unique test method permitting observa- 
tions from the time the specimens were fabricated. In any event, there 
appears to be no practical significance in the numerical differences in volume 





~~ 
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changes of cement and concrete specimens with and without calcium chloride. 
Many years of observations of practical usage have confirmed this opinion. 
An experimental test road in West Virginia constructed during World War II 
using air-entraining cement with and without 2 percent calcium chloride 
showed one-half as many transverse cracks presumably due to drying shrink- 
age on the calcium chloride section. 

The effect of calcium chloride on alkali-aggregate reaction is a relatively 
recent development of the published literature. However, in 1938 Stanton 
of California made limited tests which indicated that calcium chloride did 
not affect the reaction. The alkali-aggregate reaction appears in some measure 
to be a function of the degree of hydration because it is more often characteris- 
tic of older and more completely hydrated cements. In most cases it may 
take many years to exhibit results. It would be of interest to determine if 
calcium chloride merely accelerates the phenomena where it may eventually 
occur rather than numerically increasing its extent. It is believed that the 
use of low alkali cement or finely ground pozzolanic materials has effectively 
inhibited the alkali-aggregate reaction with or without the use of calcium 
chloride. 


By G. M.. WILLIAMS* 


One of the most valuable characteristics of concrete containing CaCl, 
is its ability to attain compressive strengths assumed in structural design 
when cured under adverse conditions of low humidity and high temperatures 
encountered in field construction. Much work is done in the laboratory to 
select proportions of cement, aggregate and water under standardized curing 
conditions but construction practice too often ignores the latter. 

Ideal curing conditions are generally impossible in reinforced structural 
work, with the result that highly stressed members are subjected to early 
loss of moisture which can never be replaced and the compressive strengths 
attained are some unknown fractional percentage of the strength assumed in 
design. 

It has been the writer’s experience that concretes containing CaCl., when 
cured for 24 hr and later exposed to low humidity and high temperature, 
will attain the strength of similar concrete cured continuously under standard- 
ized laboratory conditions. Use of CaCl: in all structural concrete, where 
its presence might not be seriously detrimental, would tend to close the gap 
between design quality of the laboratory and the uncertainty of attainment 
of specified strength in the structure where curing conditions cannot be con- 
trolled. 


AUTHOR'S CLOSURE 


Mr. Vollmer has made notable contributions on the use and effects of 
valcium chloride in concrete and his discussion of this paper is appreciated. 
The additions made both by Mr. Williams and Mr. Vollmer are welcome, as 


*Lincoln, Neb. 
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the purpose of the original paper was to provide an up-to-date summary of 
the effects that generally can be expected when CaCl: is used in concrete. 

Our tests have also shown that CaCl, has increased workability in some non- 
air-entraining concretes, and that it has been especially effective in increasing 
workability when used in combination with an air-entraining agent. When 
CaCl. is used, the amount of agent is usually reduced to maintain the same air 
content. 

When dry CaCl; is added to the mix it should be free of lumps and thor- 
oughly mixed into the concrete. One instance of discolored and disrupted 
concrete in this area was attributed to lumps of CaCl. remaining near the 
surface of the finished concrete slab. Bureau of Reclamation specifications 
require that CaCl, be added as a solution. 

Additional tests are now in progress in the laboratory to supplement previous 
data on freezing and thawing and sulfate resistance of concrete containing 
CaClz. The present trends substantiate the conclusions of the original paper, 
that CaClz in amounts up to 2 percent reduces the resistance of concrete to 
sulfate attack, and that it is beneficial at early ages but detrimental at later 
ages to freezing and thawing resistance. There is some indication that when 
fly ash is included in the mix, CaCl, improves resistance of moist-cured con- 
crete to freezing and thawing at all ages. 

An extensive series of tests to further evaluate the effect of CaCl. on alkali- 
aggregate reaction is also in progress. As Mr. Vollmer mentioned, if the 
deleterious expansion of mortars containing medium or low alkali cement are 
adequately controlled by additions of pozzolanic materials, the use of CaCl. 
is not detrimental. However, even though expansion of mortars containing 
high alkali cement can be reduced below specification limits by pozzolanic 
additions, these expansions can be expected to be doubled when 2-percent 
CaCl. is used. 

A recent report by Dalton G. Miller and Phillip W. Munson* shows that 
CaCl, decreased the resistance to sulfate attack of concrete containing a good 
cement at both normal and elevated temperatures. With less resistant 
cements and at an elevated curing temperature of 125 F, addition of CaCl. 
increased the sulfate resistance of the concretes. : 

The statement by Mr. Williams that CaClz is particularly beneficial in 
concrete under adverse and inadequate curing conditions may partially 
explain the apparently superior durability noted by Mr. Vollmer. 


*‘Long-Time Tests of Concretes and Mortars Exposed to Sulfate Waters,’’ Technical Bulletin No. 194, Uni- 
versity of Minnesota Agricultural Experiment Station, May 1951. 
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Title No. 48-37 


Reinforcing Steel in Concrete and the Concept 
of Safety* 


By K. HAJNAL-KONYI+ 


SYNOPSIS 

Comparative tests on 36 beams reinforced with various types of large size 
bars, both in ordinary and high grade concrete, prove the superiority of cold 
worked steel over steel having a natural yield point as regards safety factor 
and warning before failure. They also prove the advantage of deformed bars 
over plain bars regarding bond, crack formation and the necessity of increas- 
ing the strength of reinforcement, with improved bond, to avoid failure with- 
out warning. 

Two beams reinforced with 0.104-in. plain wires with a 268,800 psi tensile 
strength were also tested. Failure occurred by fracture of the reinforcement 
although the wires were not prestressed. Cracks were much narrower than 
with large size bars at comparable stresses. 

Strain measurements, within a very wide range of steel stresses at failure 
(42,500 to 294,200 psi), demonstrate good agreement with Whitney’s method 
of determining the position of the neutral axis. 


INTRODUCTION 


The efficiency of 17 different bars, some having a natural yield point, some 
cold worked, varying in diameter between 0.71 in. and 1.25 in., was compared 
in beams 18 in. deep, 8 in. wide, 12 ft long, tested on a span of 11 ft with 
third-point loading. Each type of bar was tested in concrete with a specified 
cube (6 in. cube) strength of 3000 psi, marked LZ, and 6000 psi, marked H. 

The principles of comparing the various types of bars used in the tests 
(Fig. 1 and 2), the design of the test beams (Fig. 3), the test program, the 
method of testing, the analysis of the test results and the development of 
cracks, were described and discussed in The Structural Engineer.! The tests 
were performed in two series, 22 beams in one and 14 in the other. 

The purpose of the present paper is to (a) report on a third series comprising 
2 beams of rather unusual design, (b) compare various types of reinforcement 
from the standpoint of cracking, (c) describe the results of strain measure- 
ments, (d) show the suitability of Whitney’s method for assessing the ultimate 
bending moment of reinforced concrete, (e) investigate the degree of safety 
obtained with various types of bars on the basis of “Building Code Require- 





*Presented at the ACI 48th annual convention, Cincinnati, y Feb. 27, 1952, Title No. 48-37 is a part of 
copyrighted JouRNAL OF THE AMERICAN ConcrerTE InstiruTE, V. 23, No. Mar. 1952, ‘Proceedings V. 48. Separate 
prints are available at 50 cents each. Discussion (copies in ‘tiplicete) should reach the Institute not later than 
July 1, 1952. Address 18263 W. MeNichols Rd., Detroit 19, Mich. 

i Member American Concrete Institute, C onsulting Engineer, London, England. 
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Fig. 1—Bars in Series 1— 
} 1—1-in. diameter oval bar twisted 
; to 6 in. pitch. 2—1-in. diameter 
12 in. pitch. 3—%-in. square 
twisted bar. 4—1'%-in. diameter 
mild steel bar. 5—1%-in. diam- 
eter high tensile bar. 6—8—1-in. 
diameter American deformed bar. 
7-9—1-in. diameter American 
: deformed bar, twisted. 10— 


4-in. diameter twin twisted bar. 
11—1-in. diameter torsteel bar 


ments for Reinforced Concrete (ACI 318-51),” and (f) consider generally the 
influence of the type of reinforcement on safety. 
Notations used in this paper which are not included in the ACI Code are: 


f. = ultimate tensile strength of steel c = maximum concrete stress at failure 
tf, = yield point of steel x = depth of neutral axis 
t = steel stress at failure a = lever arm 


Yield point for cold worked steel represents the stress corresponding to a 
strain of 0.005, in accordance with British Standard 1144. It would be more 
correct to call it 0.5 percent proof stress since it has a different meaning than 
yield point for a hot rolled bar. 

Beam marks 1-17 refer to the type of steel used, shown in Fig. 1 and 2. 
Beams 18 and 19 contained 2 and 3 Tentor bars of 0.71 in. diameter, re- 
spectively. Beams 17 and 18 were made only in LZ concrete. 

Test results are analyzed by (a) Whitney’s method (symbols indexed p), 
and (b) the standard method (symbols indexed n). The concrete stress, Cp, 
in the rectangular stress block has been assumed in the first and third series 
at 2/3 of the average cube strength. In the second series (beams 12 to 19 
inclusive) the factors arrived at from the prism tests were 0.76 for ZL con- 
crete and 0.64 for H concrete. In England compressive strength tests of 
concrete are made on 6-in. cubes and cylinder tests are unusual. 

In reference 1 the modular ratio is 15, independent of the quality of the 
concrete, in accordance with the British Code of Practice CP114, 1948. In 
the present paper L concrete is considered to have a cylinder strength of 
2500 psi, H concrete a cylinder strength of 5000 psi. Consequently, the 
modular ratio is 12 for L concrete and 6 for H concrete. The differences in 
the steel stresses compared with stresses obtained with n = 15 are insignifi- 
cant, the maximum being 5 percent; but in H concrete, the concrete stresses 
resulting from the two methods of calculation often differ considerably. 


Fig. 2—Bars in Series 2— 


12—1-in. diameter indented bar 

twisted to 6 in. pitch. 13—1-in. 

diameter indented bar twisted to 

12 in. pitch. 14—1-in. diameter 

: American deformed bar untwisted 

Le (British steel). 15—1-in. diameter 

American deformed bar twisted to 

6 in. pitch. 16—1-in. diameter 

I : American deformed bar twisted 
“Bo 13 tl 15 16 47 


to 12 in. pitch. 17—0.71-in. 
diameter Tentor bar 
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Fig. 3—Test beam 
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BEAMS REINFORCED WITH HIGH STRENGTH WIRES 


Two beams of the cross section shown in Fig. 4, marked 20L and 20H, 
were tested to investigate the behavior of untensioned wires of 0.104-in. diam- 
eter with a tensile strength of 268,800 psi used as reinforcement for concrete. 
Such wires are used only in prestressed concrete. The arrangement of the 
beams was similar to the preceding series shown in Fig. 3. The stirrups 
shown in Fig. 4 were spaced at 3 in. centers: 17 stirrups were provided at 
each end over a length of approximately 4 ft 3 in. to avoid failure by shear. 
No stirrups and no top bars were placed in the central portion 3 ft 6 in. long. 
The chief aim of the tests was (a) to trace the development of crack widths in 
un-prestressed concrete at very high steel stresses, (b) to ascertain whether 
it is possible to reach a steel stress of 268,800 psi at failure if none of the wires 
is prestressed and the total breaking force of the reinforcement is approxi- 
mately equal to the yield strength of mild steel at the economic percentage 
in 2500 psi concrete. With f, = 18,000 psi, f. = 1125 psi, p = 0.0134 and 
assuming the same effective depth as in beam 20H, A, = 0.0134 X 8 X 16.5 
= 1.77 sqin. With a yield point of 36,000 psi, the yield strength is 63,700 lb. 
The breaking strength of the wires in the test beams was 28 X 0.0085 x 

268,800 = 64,000 lb. The mix for each 





Ls & al of the two beams was different; beam 
20L, a nominal 1:2:4 mix, by volume, 

: | with a water-cement ratio of 0.55, by 

md : jg] : | r J f 91 . . 1 

pemcetee eee Fi weight, and a slump Of 2/9 In., anc 

; bd | beam 20H, a nominal 1:114:3 mix with 


a water-cement ratio of 0.44 and a 
slump of 21% in. 

Beam 20L was to be tested when 
iL 1B 2 ma the concrete cube strength reached 
3000 psi. Owing to unforeseen cir- 
cumstances the test was postponed 
| 13! until the concrete was 41 days old. 
| | Fe aa Phe cube strength exceeded the spe- 
|| Fa) cification by 33 percent. In beam 
"ail | P 20H the better mix was used, that 
| | | the influence of increased concrete 
| | | strength might be observed. The 
| | | average cube strengths of the two 


2Bwires _104"dia 
| | TABLE 1—MAXIMUM CRACK WIDTHS 





| 
| Width of ers acks, mm 























a ao s : s 8 | / oa —-—-— - — 
‘ J} 23 Ya | Load, Jb ” Beam 20L 2 ‘Beam 20H 
ivi | “10,000 | 0.10 (0.0039 in.) | % —_ 
1% | | : 10,000 | esommeilens _— 
£ ~ 42,000 iz 0.30 (0.0118 in.) | 0.20 "(0.0078 in.) 
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Fig. 4—Cross section of beam 20 (series 3) 14.000 _| 0.40 (0.0157 in.) 


0.35 (0.0137 in.) 
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beams are included in Table 2 along with a summary and analysis of the test 
results. 

The beams and cubes were cured under damp sacks for 24 hours, then in 
the open air until tested. The beams were supported on rollers, with a span 
of 132 in., and the load was applied at third points. At the supports and 
points of loading distribution plates 6 in. wide were inserted between the 
rollers and the concrete. The load was applied by a jack with a proving ring 
to record 2000-lb increments. The deflection at midspan was measured by a 
dial micrometer, and similar instruments were set at each support to correct 
for settlement. 

Measurements of the change of strain of the concrete were taken at nine 
positions on each side of the beam at the center section. A special extenso- 
meter was used with a gage length of 10 in. (Fig. 5). The gage points con- 
sisted of pairs of small steel plates, each approximately /% in. square, attached 
to the concrete by quick-setting glue. A 0.04 in. diameter hole was drilled 
in each plate and the points of the micrometer fitted into them. The accuracy 
of reading was 0.0001 in. so that strains of 1 x 10-° could be measured. 

The beams were examined for cracks at every loading stage and the strain 
measured at every second loading stage, 7.¢., at increments of 4000 Ib. 

After applying a total of 20,000 lb the load was released and the permanent 
deflection, crack widths and residual 





strain of the concrete observed. 1/2" 
Fig. 6 shows the load-deflection 98 _ , 


diagram in which the maximum crack »* 
widths at various stages of loading ® + 
are indicated. In this diagram beams | | 
4H, reinforced with one 114-in. diam- (4 + 
eter mild steel bar, 6Z reinforced with ’ | 
one American deformed 1-in. diameter 6@ ——++ 
mild steel. bar, 14Z reinforcement sim- 
ilar to that of 6Z but bar rolled in 50 = | 
England, and 18L reinforced with two 
0.71-in. diameter Tentor bars, from 4 . 
the preceding series are also included. 

Fig. 6 shows that no cracks occurred 3 ‘ 
in beam 20L at a load of 8000 lb or in 
beam 20H at aload of 10,000 lb. At 5 
10,000 Ib on beam 20Z and 12,000 Ib 2 
on beam 20H, 4 and 5 cracks, respec- | 2" ' 
tively, were observed. The maximum | ee i 1y2" | 
crack widths at the early stages of 
cracking are listed in Table l. — - 10" 

Despite the very low percentage of 
reinforcement, the maximum width of Fig. 5—Position of strain gages on front of 


i : beam. Gage positions 11-19 on rear of beam 
cracks was not excessive. By inter-  jdentical with 1-9 shown here 
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20H at 


width of 0.5 mm (0.0196 in.) was reached in beam 202 at 
18,000 Ib. 


Fig. 6—Typical load-deflection diagrams 


Further enlargement of cracks can be seen from Fig. 6. 


> 


polation, the steel stresses corresponding to a maximum crack width of 0.25 
mm (0.0098 in.) are: 74,900 psi in beam 20Z and 81,600 psi in beam 20/1. 

These are rough approximations since the accuracy in measuring crack 
widths was +£0.03 mm (0.0012 in.), but they indicate clearly the favorable 
influence of the small wires on the cracks, in spite of their smooth surface. 

If such wires were used in ordinary reinforced concrete, the limiting work- 
ing stress would not be governed by consideration of safety against failure 
but by crack width and deflection. 
A maximum 
16,000 Ib, in beam 


Before failure, the widest cracks were about 2 mm (0.0787 


). Fig. 7 shows the central part of beam 20/7 at the last loading stage. 


The number of cracks increased at every loading stage. 


cracks approached 2 mm (0.0787 in.). 


Finally 37 cracks 
were counted, with an average spacing of approximately 314 in. Many of 
the cracks were very fine, even immediately before failure, and only a few 
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After the release of the load of TABLE ee. TEST RESULTS— 
20,000 lb, the residual deflections ——— 








were: beam 20L 0.248 in., and beam ——__—iBeamNow | 20k | 20H © 
9 C . eae 9 High ‘tensile wires 
20H 0.099 in. They represent 39.2 ii sorcement | No. 28, 0.104 in. 
P 9 _ “acneactively diameter 
and 20.8 = ( ent, respec tive ly J of the Sectional area, As, sq in. 0.238 | 0.238 
total deflection at 20,000 1b, which was _ fiitimate strength, /., psi a aw 
mi ya terre of gr: avity of | , 

, 44s 9 are “Aacnectiv r steel from bottom, in. .25 1.5 

only 44 and 42 percent, respectively, biffective depth d, in 16.78 16:8 
. avi ‘ i bs . 5 PAG -ercentage reinforcement, 

of the maximum load. These figures  [is°«ntas ous | asm 
. , ‘ PAAnTvearwy vae ins ‘ Average cube strength, psi | 3990 | 5400 
show that recovery was inadequate. acai tnen tendon 45.400 | 47.400 


Thus, the tests confirm the well- Maximum bending moment, 





: é ; M, lb-in. X 10-6 1070 
known fact that untensioned wires of Maximum, M//bd?ep 0.136 
Ratio ap/d 0.926 
rary iv +rpane 26 : Depth of neutral axis, zp, in. 2.442 
very high stre ngt h cannot be used Lever arm, ap (plastic theory), in. 15.159 15.279 
‘ y ve ies r as 9] “e1N- Steel stress at failure, tp 
alone, economically, as main rein ain 204.000 | 500.500 
forcement Lever arm, an (standard method), 
in. 15.71 15.75 
» iselicel Pa “aceding Steel stress at failure, tn | | 
In the discussion of a prece ding (standard method), psi 274,400 | 285,450 
‘ spl sles eW jaors : ine Ratio, tp/fu 1.058 1.094 
pape r Abe le s drew a diag am showing — Ratio, at ial 
the effect of partial and full prestress- width = 0.25 mm, psi | =e 
Number of cracks at failure 37 37 


ing on a beam having the same re- 
inforcement as beams 20. He demon- 


strated that partial prestressing would render such beams a practical proposi- 
tion. Failure of both beams occurred through fracture of the reinforcement 
(Fig. 8). , 


COMPARISON OF BARS FROM STANDPOINT OF CRACKING 


Table 3 compares the interpolated stresses at which the maximum crack 
width was 0.25 mm (0.0098 in.). Although this width is arbitrary it is a good 
basis for comparing the relative merits of various types of bars. Table 3 
summarizes all 3 series and includes a further series carried out on similar 
lines with welded fabric made of hard drawn wire. 

The bars are divided into four groups. The first contains large size bars, 

e., between 1 and 14%4-in. diameter or equivalent cross section. The second 





Fig. 7—Beam 20H under load of 
46,000 Ib 
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Wy ~ mame = Fig. 8—Beam 20H after failure 


group comprises the 0.71-in. diameter Tentor bars, the third hard drawn 
wires 0.25 to 0.4-in. in diameter, and the fourth high tensile wires of 0.104-in. 
diameter. 

Note that the first five bars in the first group have a plain surface. Among 
the plain bars, the mild steel bar, owing to its larger diameter, gives the 
smallest stress; among the deformed bars the American type gives the high- 
est stress. 

The difference between 1l-in. indented twisted bars and 0.71-in. Tentor 
bars clearly indicates the influence of the size since the shape of these two 
bars is very similar. 

The most striking feature of Table 3 is the large increase in stress in groups 
three and four. Wires, included in these groups, are of plain round cross 
section and have a smoother surface than the heavier hot rolled bars. Table 
3 also shows the advantage of using as many small bars as possible instead 
of a small number of large bars and also shows the favorable effect of corrosion. 


TABLE a, At MAXIMUM CRACK 






- 0.25 mm. STRAIN MEASUREMENTS 
_ ' iia i: rae : ; ; : 
| No. of Sit "¢ "EE os ser » ‘AV 1< 
Reinforcement | Stress, psi | beams otrain re udings, de scribe d : pre “ 
ee | _ tested ously, were taken on 9 beams of Series 
1144-in. mild steel | 27,900 14,800*| 2 ds . bes s of Series : ‘io 
gpl cpm aredl 35,100-38.200 | : 2 and on both beams of Series 3. 1 ig. 
1%-in. high tensile 35,400-42,800 | 2 9, 10 and 11 show a few characteristic 
7g-in. square twisted 37,600-52,0004 2 
l-in. oval twisted | 38,500—-49,200 4 "AG . The > ré 2 OTe > 
icin: fndented twisted | 41,600-43,400 | ; results. The plotted values are the 
1-in. Torsteel | 41,900-47,600 | 2 averages obtained from readings on 
1-in. American ribbed | 
deformed | 42,300-49,700 | 10 both faces of the beams. The num- 
0.71-in. Tentor | 46,900-62,500 | 4 bers on the top and bottom of the 
0.4-in. hard drawn wire, | jo1res 7 ieate > ‘ ; -ing 
pet alien ‘ figures indicate the load in _ kips. 
0.4-in. hard drawn wire, | There » etrain is Loative Ne} 
manied ' ot.000-48:000 . Where the strain is negative (tension) 
0.25-in. to 0.324-in. hard | most measurements were taken over 
drawn wire, smooth 58,600-67 ,200 6 
| °raeks Ors Te ste ~] AVY PRA y 
atid: malta | 74,000-81,600 ‘ cracks. Negative strains exceeding 


. li: —iéitthle: Maximum: att which the concrete 
*Concrete of 6400 psi cube strengtl ‘ 
+Concrete of 6200 pal cubs coon cracks represent the total elongation 














ps 
SS 
le 
ad 
mn. 


ies 
ig. 
tic 
he 
on 
m- 
he 
ps. 
yn) 
ver 
ing 
ete 
ion 











STEEL IN CONCRETE AND CONCEPT OF SAFETY 569 


of the concrete, which is very small, plus the width of cracks between the gage 
points divided by the gage length. Therefore they are not actual strains. It 
depends on the position and shape of the cracks within the gage length 
whether or not the straight line relationship is maintained, as in Fig. 11. 
Sometimes a crack was within the gage length in the lower part of the beam 
and outside the gage length higher up (Fig. 10). 

The change of position of the neutral axis between two consecutive loading 
stages is very small. It seems justified to consider the depth obtained at the 
last loading stage as the depth at failure. 

For comparison, the depths obtained by the standard method, x,, and by 
the assumption of a rectangular stress block, x,, are indicated in the diagrams. 

Fig. 9 shows the effect of yielding of mild steel in beam 14Z. An upper 
and lower yield point were distinguishable during the test. Yielding caused 
the neutral axis to rise considerably. There are two strain lines corresponding 
to a load of 21,000 Ib, one showing the strain immediately after reaching 
this load, 21 min., the other, 21 max., showing the strain just before the load 
began to drop to 19,000 lb. It was then possible to increase the load to 23,000 
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Fig. 9—Strain readings, beam 14L, 1-in. diameter American deformed bar, British mild steel 
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Fig. 10—Strain readings, beam 19L, No. 3, 0.71 in. diameter Tentor bars 


lb at which point the concrete on the top of the beam was crushed. The 
beam was still capable of supporting a load of 22,000 lb (see Fig. 6 and its 
discussion on p. 578). 

In beam 19L, the nearest to balanced design in all three series (J /bd?c, = 
0.285), there was a downward movement of the neutral axis with increasing 
load (Fig. 10). In beam 20H, reinforced with nonyielding high tensile wire, 
there was hardly any movement at all, apart from the initial stages (Fig. 11). 
The strain distribution conforms to a straight line pattern. 

It should be noted that the maximum strain observed is about, 0.003 units 
in both beams 14 and 19Z whereas in beam 20H (high grade concrete) it 
was only about 0.0023 units. This difference between L and H concrete 
was rather consistent. Greater ultimate strains might have been obtained 
with over-reinforced beams. 


APPLICATION OF WHITNEY'S THEORY 


Fig. 12 indicates the relation between the position of the neutral axis and 
the lever arm according to; (a) the standard method, (b) the probable actual 
distribution of stress at failure, and (¢c) Whitney’s simplified assumption. 

The exact shape of the stress distribution in (b) is not known, but once 
the position of the neutral axis, xm, has been determined by measurement 
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Fig. 12—Position of neutral axis with various stress distributions in the concrete. a—Standard 
method. b—Probable distribution before failure. c—Whitney’s simplified assumption 


as in the present tests, the only unknown in the equation a = d — y @ is the 
coefficient y. It is easy to see that 0.333 < y <. 0.500 and that the actual 
range of variation is smaller. 

Table 4 summarizes the results for 11 beams on which the strain was meas- 
ured and compares the depth of the neutral axis obtained by calculation, 
Xp, X», With the depth obtained from strain measurements, 2». 

According to Fig. 12, %) < @%m < 2n. The first condition is fulfilled in 
Table 4. The ratio x,/2», line 9, varies between 0.732 and 0.935. Consid- 
ering that c, On which x, depends was estimated from cube, prism or cylinder 
tests and the accuracy of the measured value of the depth of the neutral axis 
is limited, the agreement between measured and calculated values is very 
satisfactory. 

Conditions are quite different for x,. The ratio x,/2%m varies between 
0.746 and 2.291. This may be explained as follows: the depth of the neutral 
axis at failure depends not only on the percentage, p, and the quality of the 
concrete (represented by the modular ratio) but also on the steel stress at 
failure, ¢, since it is the tensile force in the steel which has to be balanced by 
the compressive force in the concrete. The standard method ignores the 
influence of the steel stress. As long as the quality of the steel does not vary 
much, it is not so conspicuous, but with ¢, varying between 44,100 and 294,200 
psi as in Table 4, this feature of the standard method reveals itself. 

In the case of mild steel, beams 142 and 14H, with t, below 45,000 psi, 
tn/Xm>2. With high tensile steel, t, varies between 68,800 and 85,900 psi, 
beams 121, 12H, 13Z and 15H, and x,/xm varies between 1.269 and 1.576. 
With Tentor bars where /¢, is between 92,300 and 95,400 psi, 2,/2m varies 
between 0.938 and 1.002 and with high tensile wires, beams 20L, 20H, where 
tp = 284,400 and 294,200 psi, the. corresponding values of 2,/%m are 0.780 
and 0.746. 

The calculated concrete stresses, Cn, vary between 1820 and 5230 psi in 
L concrete and between 2370 and 7520 in H concrete. In 14H the concrete 
was actually crushed at c, = 2370 psi, z.e., only 42 percent of the cube strength; 
when the steel yielded. In 20H.at c, = 7520 psi, 7.e., 1.39 times cube strength, 
it was the steel which fractured. Fig. 8 does not show any sign of concrete 
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TABLE 4—COMPARISON OF CALCULATED AND MEASURED POSITION OF 
NEUTRAL AXIS 

























Beam No. 12L | 12H 13L 14L | 14H 15H 
1-in. American deformed 
Reinforcement 1-in. Indented twisted | 
Mild steel| Mild steel) Twisted 
Pp, percent 0.565 | 0.570 0.569 0.607 0.609 0.580 
M /bd2cp 0.170 0.125 0.153 0.107 0.073 0.121 
ptp/cp = kp = xp/d 0.188 0.134 0.166 0.114 0.076 0.130 
d, in. 16,150 16.000 16.150 16.050 16.000 16.600 
am, Measured, in. 3.250 | 2.900 3.300 2.500 1.650 2.4 
rp, calculated, in. 3.040 2.140 2.680 1.830 1.220 
arn, calculated, in. 4.960 3.680 4.970 5.070 3.780 
ky am/d : 0.181 0.204 0.156 0.103 
ry t 0.738 0.812 | 0.732 0.739 
xn f: 1.526 1.269 1.506 2.028 2.291 , 
tp (plastic theory), psi 81,700 85,900 68,800 44,800 44,100 83,800 
tn (standard method), psi 82,400 86,800 70,300 47,200 46,000 84,900 
cn (standard method), psi , 3,030 | 4,300 2,600 1,820 | 2,370 4,270 
ap, in. 14.630 14.930 14.810 15.130 15.390 15.520 
d—ap)/tm = Xp/2rm 0.467 0.369 0.405 0.361 0.370 0.444 
Beam No. | I18L 19L 191 20L | 20H 
| 0.71-in. Tentor 0.104-in. high tensile 
Reinforcement | } 
No. 2 No. 3 No. 3 No. 28 No. 28 
Pp, percent 0.610 0.914 0.936 0.178 0.180 
M /bd°cp 0.211 0.285 0.219 0.172 0.136 
p tp/cp kp rp/d 0.240 0.344 0.250 0.190 0.148 
d, in, 16.440 16.440 | 16.040 16.750 16.500 
rm, measured, in. 5.200 6.500 | 4.550 4.000 3.030 
alculated, in. 0 5.660 4.010 3.180 2.440 
ileulated, in. 0) 6.100 4.560 3.120 2.260 
rm /d .316 0.396 0.284 0.238 0.184 
0.760 0.872 0.880 0.795 0.805 
tn/Im 1.000 0.938 1.002 0.780 0.746 
tp (plastic theory), psi 93,300 92,300 95,400 | 284,400 | 294,200 
tn (standard method), psi 91,800 87,200 92,300 | 274,400 | 285,500 
en (standard method), psi 3,540 4,300 6,080 | 5,230 7,520 
ap, in. | 14.470 13.620 | 14,040 | 15.160 15.280 
(d—ap/tm = Xp/2rm 0.380 0.436 0.440 0.397 0.402 


crushing. Compared with cylinder strength, the excess was at least 50 per- 
cent. Such an excess has often been found in beams with a high percentage 
of reinforcement, 7.e., low steel stress at failure. Hadley? put forward the 
theory that flexural strength is 40 to 75 percent greater than cylinder strength, 
the excess varying inversely with the concrete strength. In the present case, 
the reinforcement was only 0.18 percent. In 20Z the steel also fractured at a 
calculated stress higher than its ultimate strength, as obtained from tensile 
tests. It is safe to conclude that the steel in 20H would have fractured even 
with a substantial increase in the percentage, and the excess of c, over cylinder 
strength would have been much greater than 50 percent for concrete of f.’ = 
5000 psi. Thus, Hadley’s hypothesis would fail to explain the load-bearing 
capacity of beams of the 20H type with higher steel percentages and would 
not allow the establishment of a boundary between under-reinforced and 
over-reinforced beams. Beams reinforced with high strength wire can only 
be used in practice if some of the wires are prestressed. Conditions at failure 
are very similar with and without prestressing and the establishment of such 
a boundary is therefore of great practical ‘importance. 

Admittedly, a permissible concrete stress f, = 0.45 f.’ is generous and takes 
into account the excess of the calculated flexural strength over the cylinder 
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strength. It should be realized, however, that if f. is kept constant and f, 
increased, x, is reduced and consequently the limiting factor M/bd? up to 
which no compression reinforcement is required, is also reduced. Table 4 
shows clearly that this is an artificial limitation of the use of high tensile 
steel. As long as the variation of f, is only between 18,000 and 20,000 psi, 
the difference is not very important but if higher stresses, f,, were adopted 
for certain types of higher quality bars included in the author’s tests, the 
present method of design would greatly reduce, without experimental justi- 
fication,® the saving obtainable with higher quality steel. 

This discrimination against high tensile steel can be avoided by a design 
method not based on permissible stresses, e.g., Whitney’s method which 
covers the whole range of steel stresses included in Table 4. This can best 
be seen from the last line, containing the values d—a,/%m = XLpm/ 22m, t.e., the 
distance of the resultant compressive force in the concrete from the top cal- 
culated by Whitney’s method related to the measured depth of the neutral 
axis. The figures vary between 0.361 and 0.467; well within the theoretical 
limits of 0.333 and 0.500. In all the cases where strain measurements were 
taken, Whitney’s assumption was found to be basically correct independent 
of the quality of steel. If a, agreed with the actual value a, d—a,/x» would be 
equal to y. The effect of a discrepancy in d—a,/x, on the steel stress increases 
with increasing J//bd?c,. The effect of a possible error in a, due to the un- 
certainty of c, is far greater in 19 with I//bd*c, = 0.285 than in any other 
beam of the three series, since .W//bd*c, was substantially smaller in all other 
beams. If we assume for 191, d—a,/xm = 0.37 (most unlikely) as against 
0.436 in Table 4, the difference in a, is only 0.43 in. or 3.15 percent. A similar 
assumption for 12/ results in a difference of 0.315 in. or 2.15 percent for a». 
Therefore it is reasonable to expect that the deviation of the actual steel 
stress at failure from ¢, as given in Tables 4 and 5 is probably less than 2 
percent. 

In the stress analysis of the 38 beams included in the three series, the 
value of c, has been assumed at 0.64 to 0.76 times the average cube strength 
on the basis of prism tests. This is a comparatively small variation since 
0.667 has been assumed for all beams in Series 1 and 3, 0.64 for all beams 
in H concrete and 0.76 for all beams in L concrete ir Series 2. If an average 
of 0.7 had been assumed throughout, the difference in the p(t,/e,) values 
would not have been more than +10 percent and in the steel stress, ¢,, not 
more than +2 percent. 

teverting ‘to the standard method, the variation in the quality of steel 
could only be taken into account by a completely new interpretation of the 
modular ratio. Instead of being the ratio of the moduli of elasticity, it would 
have to be a figure depending on the yield point or ultimate strength of the 
steel, whichever may be the decisive factor af failure, and on the strength of 
the concrete. 

From evidence in previous publications and from results obtained in tests 
of these 38 beams it is justifiable to conclude that Whitney’s method is a safe 
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and suitable way to assess the ultimate bending moment of beams of any 
known quality of steel and concrete. Still to be confirmed by further tests is 
whether the limit of //bd?f.’ = 0.333 can be reached with steel of high strength 
such as used in beams 20. 

In contrast, the standard method (1) fails to explain the load-bearing 
capacity of over-reinforced concrete beams without the assumption of a flexural 
strength 40 to 75 percent greater than the cylinder strength, (2) would have 
to be radically modified if it were to be applied to steel of very high strength 
as used in prestressed concrete, and (3) fails to account for the efficiency of 
steel in compression unless the modular ratio is multiplied by an arbitrary 
factor (see Clause 706(b), ACI Code 318-51). 


FACTORS OF SAFETY ON THE BASIS OF ACI 1951 BUILDING CODE 


Table 5 summarizes stresses at failure in Series 1 and 2 as obtained by 
Whitney’s method and safety factors using the standard method and per- 
missible stresses in accordance with ACI 318-51. 

Columns 3 and 4 of Table 5 contain the calculated stresses t,; columns 11 
and 12, ¢,. In columns 5 and 6 ¢, is related to the yield point of the reinforce- 
ment and in columns 8 and 9 to the ultimate strength. Columns 7 and 10 
indicate the effect of the concrete quality on these ratios. 

The beams have been divided into two groups: a reinforced with bars 
having a natural yield point, and b reinforced with cold worked bars. 

In each group the beams have been listed according to the ratio ¢,/fy in 
L concrete. The two groups are distinctly separated by the value of f,. In 
group a, t, varies between 42,500 and 56,200 psi, in group b, between 63,400 
and 95,400 psi. 

All values t,/f, are greater than 1 with the exception of the oval twisted 
bar which began to slip in L concrete just before its yield point was reached. 
In H concrete the bond was sufficient to exceed the yield point considerably. 

The ratios H/L for t,/f, are all greater than 1 with the exception of beam 6. 
This is due to an over-estimation of the load on beam 6L. This beam failed 
at an applied load of 22,000 lb immediately upon reaching the load, while 
in beam 6H the maximum load «was maintained for 11 minutes. 

The effect of concrete quality is less pronounced in group a where H/L 
is below 1.025 than in group b where H/L varies from 1.007 to 1.165. 

The values of t,/f, show that with steel having a natural yield point the 
stress at failure was between 60 and 70 percent of the ultimate strength. The 
H/L values are not characteristic since failure is governed by f, and the ratio 


ty/fu varies from bar to bar. 


Group 0} gives a different picture. Here we have to exclude 1L (bond 
slip) 2H, 7H, 9L and 9H because of inadequate development by cold work. 
The ratio ¢,/f, varies between 0.863 and 0.958 in L concrete and between 
0.934 and 1.002 in H concrete. H/L varies between 1.019 and 1.161. In H 
concrete the ultimate strength is closely approached in the majority of beams. 
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The difference between the two groups is even more striking when the 
factors of safety are considered. These are the ratios (,/fs. f; is not included 
in the table, it has been assumed at 18,000 psi for bars 4, 6, 14 and 20,000 
psi for all others. The lowest value, 2.426, was obtained in 4L. To facilitate 
the comparison, this figure has been taken as unity in columns 15 and 16. 
The variation in group a is within a limited range, the maximum value being 
1.187 for 5H. In group b, 7L is again excluded since it was not sufficiently 
developed. The figures vary between 1.385 and 1.936. Excluding the twin- 
twisted bar 10, the range of variation for single twisted bars is 1.425 to 1.936. 

Thus, for single twisted bars the ACI Code requires substantially higher 
factors of safety than for bars having a natural yield point. 


GENERAL CONSIDERATIONS OF SAFETY 


The factor of safety in itself, 7.e., the ratio M nazimum/M permissibte IS NOt a 
sufficient measure of the safety of a structure. It is important to consider 
also the way in which a structure fails. Three types of failure may be dis- 
tinguished (Fig. 13); (a) sudden (or brittle) without any warning, (b) yielding, 
with a sudden increase of the deformation on reaching the maximum load which 
ean be maintained until the deformation is substantial, and (c) gradual (or 
tough) with ample warning of the approaching danger, allowing an increase of 
load even at a stage when failure appears imminent. 

Sudden failure is characteristic of cast iron, concrete columns reinforced 
with mild steel (but not with cold worked bars or with spiral reinforcement), 
and concrete beams which are either over-reinforced or have such a low 
percentage of steel that failure occurs at first cracking. Neither of these 
cases was represented in the present tests. Bond slip and shear failure may 
also be sudden, but well-designed reinforced concrete beams cannot fail in this 
way. 

Yielding failure is the characteristic form in concrete beams reinforced 
with steel having a natural yield point while gradual failure is characteristic 
of concrete beams reinforced with cold worked bars. 

The difference between’ yielding and gradual failure is demonstrated in Fig. 
6 by afew characteristic examples. Beams 4H, 6L and 14L represent yielding 
failure; beams 181, 20L and 20H gradual failure. In both beams 4H and 6L, 
yielding of the reinforcement took place without previous warning. 

Beam 4H was loaded to 36,0001b. The deflection was 0.243 in. = span/543, 
the maximum crack width 0.25 mm (0.0098 in.). Both the deflection and the 
crack widths indicated the beam to be quite safe. After 6 minutes of sus- 
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Fig. 13—Classification of struc- 
tures according to the type of DEFLECTION DEFLECTION DEFLECTION 
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Fig. 14—Beam 4H after failure, 
114-in. diameter plain mild steel 


bar 





tained loading one wide crack appeared, the deflection increased rapidly 
and the concrete in the top was crushed (Fig. 14). 

Beam 6L was loaded to 22,000 lb. The deflection was 0.214 in. = span/617, 
but began to increase immediately owing to yielding of the steel and the top 
concrete was crushed (Fig. 15). There was no time to take readings of crack 
widths. At the preceding loading stage, z.e., 20,000 lb, the maximum crack 
width was only 0.15 mm (0.0059 in.). The difference in Fig. 14 and 15 should 
be noted. With the plain bar in beam 4H one big crack occurred, with the 
ribbed bar in 6L there are two main cracks with several fine branches. 

Beam 14/1 was a special case. The reinforcement was similar in shape to 
6L and the yield point was approximately the same, but the range of yield- 
ing in the stress-strain diagram was much shorter. This short range and 
the excellent bond, made it possible to observe the oscillation of the load 
between the upper and lower yield point and reach failure at an applied load 
which was 9.5 percent higher than the load on reaching the upper yield point. 
Beam 14H behaved in the same way. The tensile zone of the central portion 
of this beam completely disintegrated and fell down when the beam was 
removed from the machine (Fig. 16). The essential features of this pic- 
ture are six wide cracks, three on either side of the crack where failure occurred. 


Fig. 15—6L after failure, 1 in. 
diameter mild steel American de- 
formed bar 
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Fig. 16—Beam 14H after failure, 
1-in. diameter American de- 
formed bar, British mild steel 





The extension of the central crack to the top occurred when the beam was 
taken down from the machine. This formation of cracks after yielding was 
characteristic of all beams reinforced with American deformed bars. 

The disintegration of the tensile zone was a feature of all beams with twisted 
American deformed bars (Fig. 17), while with twisted Indented bars and 
Tentor bars only vertical cracks occurred (Fig. 18). 

The load-deflection line of beam 18Z in Fig. 6 is representative of the 
behavior of beams reinforced with cold worked bars. At a load of 44,000 
lb the deflection was 0.6 in. = span/220 and the maximum crack width was 
0.55 mm (0.0216 in.). The beam appeared to be in a dangerous condition 
yet the load increased to 48,000 lb before the concrete was crushed. 

Beams 20L and 20H are examples of too much warning. Owing to the small 
percentage of steel, the rate of increase of deflection after cracking was very 
great so that these beams, due to excessive deflection and cracking, already 
became unserviceable at a small percentage of their ultimate load. How- 
ever, at any stage they were very much safer than any of the beams rein- 
forced with steel having a natural yield point. 


If bars having a natural yield point are used with higher bond stresses 
because of their surface characteristics or high strength of concrete, mild 
steel quality is not sufficient. 


Fig. 17—Beam 9H after failure, 
1-in. diameter American de- 
formed bar twisted 
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Fig. 18—Beam 12H after failure, 
oy diameter indented twisted 
ar 





Higher bond stresses require higher quality steel so that stresses at failure 
are sufficiently high to allow the formation of wide cracks before the ultimate 
load is reached to indicate the approaching danger when the load-bearing 
sapacity of the structure is not yet exhausted. 


CONCLUSIONS 


1. The tests have shown the superiority of deformed bars as against plain bars re- 
garding the formation of cracks. The influence of the size of the bar, however, is much 
greater than that of its surface characteristics. 

2. Whitney’s theory is applicable to steel of any strength while the standard method 
is inadequate in assessing the load-bearing capacity of beams reinforced with very high 
strength steel. Even if the percentage is very low, the calculated concrete stresses at 
failure are excessive. 

3. Cold worked bars of 1-in. diameter with a suitable surface pattern allow the utili- 
zation of at least 85 percent of their ultimate strength in concrete of f.’ = 2500 psi while 
the efficiency of bars having a natural yield point does not exceed 70 percent even in 
concrete of f.’ = 5000 psi. 

4. Considering warning before failure, cold worked bars are superior to bars having a 
natural yield point. 

5. Higher bond strength requires higher quality steel. If mild steel is used, im- 
proved bond, obtained by high quality concrete or by deformed bars, may lead to failure 
when a structure still appears to be safe. 

6. The full economical advantage of higher strength steel can only be obtained if 
the idea of working stress is abandoned and the design is based on ultimate loads with 
reasonable safety factors. 
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Disc. 48-37 


Discussion of a paper by K. Hajnal-Konyi: 


Reinforcing Steel in Concrete and the Concept 
of Safety* 


By EIVIND HOGNESTAD and AUTHOR 
By EIVIND HOGNESTADt 


The author is to be complimented on adding new valuable information to 
our stock of test results, and on contributing significantly to a clarification 
of the philosophies involved in reinforced concrete design. 

In discussing properties of beams reinforced with deformed bars, he has 
emphasized control of the spacing and width of flexural cracks in the concrete. 
The writer is in full agreement with such emphasis. Deformed bars meeting 
ASTM A305-50T are believed to exhibit such favorable bond characteristics 
that anchorage bond is no longer a serious problem in common designs. To 
keep down the spacing and thereby the width of flexural cracks is believed 
to be a much stricter test of bond performance than anchorage bond, partic- 
ularly if allowable tensile stresses are increased from 20,000 psi to values 
approaching 30,000 psi. In the future development of deformed bars, it is 
felt that an emphasis of crack formation and a de-emphasis of pull-out tests 
is proper and necessary. 

In terms of ultimate moments of beams failing in tension, the difference 
between Whitney’s theory and other ultimate theories developed on the 
basis of test results, such as Bittner’s, Brandtzaeg’s, Jensen’s and Saliger’s, 
is small. The author compared his test results to Whitney’s ultimate theory 
and found reasonable agreement. To this the writer only wishes to add that for 
tension failures such agreément must be expected with most of the many 
ultimate theories reported in the literature. 

Ultimate load design, due to the nature of the problems involved, must be 
based on facts derived from experiments. As the author has pointed out, 
however, “‘it is important to consider also the way in which a structure fails.” 
Such consideration enters the area of thought, of judgment, of design philoso- 
phy, and the writer finds himself unable to agree wholly with the views ex- 
pressed by the author. 

If consideration is limited to statically determinate members subject to 
static loads, the writer may go along with the view that, from the point of 
view of warning before failure, cold worked bars are superior to bars having a 
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natural yield point. If such statically determinate members may be called 
upon to absorb impact, however, it is felt that the outstanding energy absorb- 
ing capacity of members reinforced with bars having a natural yield point is 
more agreeable. 

In multi-indeterminate structures, it is believed that the ductile beam be- 
havior associated with a natural yield point is almost a necessity to develop 
the full ultimate strength and toughness of such structures through the forma- 
tion of plastic hinges and the corresponding redistribution of moments. 
This is so even for static loading. If monolithic structures are subjected to 
impact loads, to seismic disturbances, or to blast effects, the great energy 
absorbing capacity resulting from the use of bars with a natural yield point is 
again desirable. 

The writer is indeed in favor of efficient use of high strength reinforcement 
through proper ultimate load design. He believes, however, until convincing 
proof to the contrary is available, that ductile high strength steels produced 
with the aid of metallurgy are preferable to the relatively brittle steels re- 
sulting from cold working. It should be pointed out, on the other hand, that 
this is at present almost entirely a matter of opinion and judgment, as our 
knowledge of the inelastic behavior of monolithic reinforced concrete structures 
is only in its preliminary stages of development. 


AUTHOR'S CLOSURE 


Professor Hognestad has raised several relevant points. The author agrees 
with him that in the case of beams failing in tension the difference between 
Whitney’s theory and several other ultimate load theories is small; Whitney’s 
theory has, however, the advantage of greatest possible simplicity. It was 
interesting to find that within the whole range covered by the author’s tests, 
i.e., up to M/bd*c, = 0.285, the agreement between experimental and theo- 
retical results based on Whitney’s simplified assumptions was good and 
that the theory was applicable even for steel having an ultimate strength of 
268,800 psi. 

Professor Hognestad has expressed the view that in the case of impact and 
in statically indeterminate systems, steel having a natural high yield point is 
preferable to cold worked steel. As he has pointed out, this is for the time 
being almost entirely a matter of opinion. 

Let us consider first the question of impact. The energy absorbing ca- 
pacity of a structure may be assumed to depend mainly on the area enclosed 
by the load-deflection diagram. A structure of type (a), Fig. 13, is obviously 
unsuitable for resistance to impact. The following discussion is therefore 
limited to a comparison of types (b) and (c). 

The author’s tests were confined to static loading and Fig. 13 is related 
only to the maximum static load. However, if this load is reduced, as it 
generally happens in a testing machine (but not in a loaded structure), the 
load-deflection diagram can be continued with a descending line in both 
case (b) and case (c). Complete failure, 7.e., total collapse, occurs at a greater 
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deformation than that corresponding to the maximum static load and the 
load is smaller than the maximum. This descending part of the load-deflec- 
tion line is most important for the assessment of resistance to impact but has 
not been shown in the diagrams. 

If we exclude failure by diagonal tension or bond, there are two possible 
modes of “total failure.’ 

(A) Crushing of the concrete which began at the maximum static load continues until 
the whole compression zone is destroyed. 

(B) The steel is fractured before complete destruction of the compression zone of the 
concrete has taken place. This occurs if maximum stress of the steel is reached at a stage 
when the concrete is still capable of sustaining an increased strain. 

To make a structure as resistant to impact as possible, (B) must be avoided. 
Of the 38 beams described in the paper, 36 failed according to (A) and only 
the two beams, 20L and 20H which were reinforced with specially treated 
wire of high strength, failed according to (B). Nevertheless, the author is 
aware of the fact that failure according to (B) may occur with certain types 
of cold worked bars if they are used at relatively small percentages, while it is 
hardly possible with bars having a natural yield point. But it is possible to 
avoid failure according to (B) with cold worked bars if the following is borne 
in mind. 

Most specifications require a minimum ultimate elongation of the steel, 
which is determined on a broken specimen of a specified gage length and is 
the result of the combination of a uniform elongation and necking. The con- 
tribution of necking to ultimate elongation is useless for shock absorption. 
It is not the total ultimate elongation, but the minimum value of the maxi- 
mum uniform elongation which has to be specified. Provided that this value 
is not less than about 5 percent and the percentage of reinforcement is not 
unreasonably low, fracture of the steel will not occur. It is not difficult 
to guarantee a minimum uniform elongation of 5 percent if a controlled process 
of cold working is adopted. 

To illustrate the preceding argument, Fig. A shows results of some recent 
tests in which an attempt ‘was made to determine the descending part of the 
load-deflection line. Fig. A contains a few characteristic load-deflection 
lines. These have been continiied beyond the maximum static load to “total’’ 
collapse which occurred by crushing of the whole concrete section. Beams of 
Series C were reinforced with plain round bars of a quality corresponding to 
steel of intermediate grade (i.e., having a natural yield point of 40,000 to 
50,000 psi); beams of Series D were reinforced with Tentor steel, which, 
however, had a different surface pattern from that of the bars shown in Fig. 2 
(No. 17) and complied with ASTM A305-50T. 

Contrary to the simplified diagram of Fig. 13b, lines Cs and Cs; (Fig. A) 
show an immediate drop of the load on reaching the maximum. This occurred 
in both beams at the same deflection (0.32 in. = 1/300). The diagram in- 
dicates the permissible load for each beam, worked out on the basis of a 
permissible stress of 20,000 psi for Series C and of 33,000 psi for Series D, with 
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Fig. A—Results of tests to determine descending portion of load-deflection line 
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n = 15, allowance having been made for the dead weight. For all four beams 
“total’’ collapse occurred at approximately the same deflection (between 
1.52 and 1.62 in. = approximately 1/60). 

In a comparison of the areas enclosed by the load-deflection lines, the 
loads for which the beams were designed have to be taken into account. The 
area divided by the design load (‘‘reduced” area) should give a fair basis of 
comparison. It may be seen from Fig. A that the area in question is much 
smaller for Cz, than for De and Ds, although the permissible load for Cz is 
greater than for D3; and only 8 percent smaller than for De. The area for Cz; 
is slightly larger than for Dz and D3, but bearing in mind the greater per- 
missible load for C3, the comparison is again in favor of Series D. This can 
be recognized from the “reduced” areas tabulated in Fig. A. 

A noticeable feature of Fig. A is the initial ‘advantage’ of Series C (in 
the range of small deflections). This is due to the fact that in Series C steel of 
intermediate grade quality has been used, for which a working stress of 20,000 
psi is permissible, with the consequence that the percentage of reinforcement 
is much higher than in Series D. If we substituted in Series C steel having a 
high natural yield point with a permissible stress of 30,000 or 33,000 psi, 
this initial advantage would be lost, and the comparison would be even more 
favorable for cold worked steel. 

It would, of course, be premature to draw general conclusions from such a 
small number of specimens in low grade concrete, but Fig. A may be taken at 
least as an indication that the preceding theoretical argument is sound. 
Admittedly, the energy absorption capacity of steel on its own (i.e., the area 
enclosed by the stress-strain diagram) is greater for steel having a natural 
yield point than for cold worked steel, but this energy absorption capacity 
can only partly be utilized if the steel acts as reinforcement of concrete since 
the concrete is crushed long before the maximum stress of the steel is reached 
unless the percentage of reinforcement is abnormally low. Consequently, if 
failure according to (B) is avoided and destruction of the concrete is the 
determining factor, there is no reason why a structure reinforced with steel 
having a natural high yield point should have a higher resistance to impact 
than a structure reinforced with cold worked steel. 

Similar considerations apply ‘to the redistribution of moments in statically 
indeterminate structures. The significance of plastic hinges is not the pre- 
vention of any increase of stresses at the hinge but the prevention of prema- 
ture failure at a critical section until similarly high stresses have been reached 
at another section or at several other sections. 

In this respect, some conclusions may be drawn from Fig. 6 and Fig. A. 
With steel having a natural yield point the deformation of the structure 
(whether statically determinate or indeterminate) at a critical section is 
comparatively small when the yield point is reached. By increasing the load 
further, the bending moment at the section where the steel has yielded does 
not increase any further, in fact it may decrease. On the other hand, with 
cold worked steel the increase of bending moment at the critical section does 
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not stop abruptly but is slowed down at an ever-increasing rate long before 
the maximum is reached. 

This “slowing-down” should cause in statically indeterminate structures a 
similar redistribution of bending moments as yielding, the only difference 
being that the redistribution is more gradual. The hinge is ‘semi-plastic’’ 
in contrast to the “completely plastic’ hinge formed by steel having a natural 
yield point. It would seem that the behavior of “semi-plastic’”’ hinges is 
more favorable than that of “completely plastic’? hinges and that the load- 
bearing and shock-absorbing capacity of comparable structures with ‘‘semi- 
plastic” hinges is at least equal, if not superior, to that of structures with 
“completely plastic’ hinges, provided that fracture of the steel can be avoided 
and the stage reached when the whole concrete section is crushed. This is at 
present only theoretical reasoning and further research is necessary to prove 
this conclusively but the behavior of simply-supported beams points in this 
direction. 
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Applications of Vacuum Concrete’ 


By K. P. BILLNERt 


SYNOPSIS 
Vacuum concrete processes were introduced in this country a number of 
years ago and their applications in building construction have been reported 
in the ACI Journal. During the last few years these processes have become 
known and adopted in many foreign countries, particularly in Europe, and 
this paper deals with these foreign developments, singling out new ways and 
methods in construction. 


INTRODUCTION 


Vacuum processing of concrete is the extraction of excess water from con- 
crete immediately after it is placed and screeded to its required level. This 
is done by special apparatus which through use of a pump created vacuum 
draws off the excess water. This in turn permits the concrete to harden rap- 
idly due to the reduction of the water-cement ratio. 

The advantages of vacuum concrete are many and have been enumerated 
in this Journalf and elsewhere. However, to appreciate the universality of 
the vacuum process, it is necessary to review the many varied uses to which 
it has been put throughout the world. Recently, the author had the oppor- 
tunity to observe some of the more outstanding examples of the use of vacuum 
concrete in foreign countries. 

It is being applied in almost every type of construction particularly in 
conjunction with precast methods. Typical examples are precast vacuum 
processed water tanks, two-story apartments, housing units and canal revet- 
ments. Vacuum processing is being used extensively in Italy for making 
large size pipe to be subjected to high water pressures. 

Each of the countries visited is discussed separately and the major projects, 
making use of vacuum processing and precasting, are described. 


BELGIUM 


Engineers for the City of Brussels, Belgium, recently completed construction 
of a rectangular concrete reservoir just outside the city. 

Column footings and the floor were cast first. Next 80 columns 12 x 12-in. 
x 12 ft high, flared to 3 ft at the bottom and 18 in. at the top, were cast, 


*Presented at the ACI 48th annual convention, Cincinnati, Ohio, Feb. 27, 1952. Title No. 48-38 is a part of 
copyrighted JouRNAL OF THE AMERICAN ConcreETE InstrruTeE, V. 23, No. 7, Mar. 1952, Proceedings V. 48. Separate 
prints are available at 50 cents each. Diseussion (copies in triplicate) should reach the Institute not later than 
July 1, 1952. Address 18263 W. MeNichols Rd., Detroit 19, Mich. 

*+Member American Concrete Institute, President, Vacuum Concrete Corp., Philadelphia, Pa. 

tLockhardt, William F., ‘Vacuum Concrete,’”’ ACI Journat, Jan.-Feb. 1938, Proc. V. 34, p. 305, 
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Fig. 1 (left}—Vacuum processing equipment 
in place on outside wall. Note lack of usual 
form work 





Fig. 2—Sandwich-type precast walls used on 
industrial plants in Canada 





The columns were cast with only two vacuum-lined steel forms held to the 
floor by vacuum. External vibration was by a very small vibrator affixed to 
the forms by vacuum. The forms were released half an hour after the concrete 
was placed and were used five times each day. 

The 12-ft outside walls were cast similarly (Fig. 1). Ribbed roof slabs were 
cast in concrete molds, vacuum processed, and then lifted and set in place 
on the columns. The roof was designed for a live load plus a dead load of 
500 psf due to the 3 ft of earth insulation that it carries. 

Tie wires attached to the top of the outside walls and run between the 
precast roof slabs to the opposite walls were prestressed by the Magnel- 
Blaton system. Two heavy wires, with a 12 ft center to center spacing, were 
used for these ties. 

A. Achten is chief engineer for the Compagne Intercommunale Bruxelloise 
des Eaux, general contractor for the reservoir. The vacuum work was done 
under supervision of Jacques Arts, engineer for Syndicat Vacuum Concrete 
in Brussels. 

CANADA 


Creaghan and Archibald, Ltd., Montreal, have specialized in vacuum 
concrete, sandwich-type precast walls and roofs. The wall panels generally 
span the distance between columns and consist of two reinforced vacuum 
concrete slabs enclosing a 2-in. layer of foam glass (Fig. 2). The two slabs 
are cross reinforced to allow for horizontal shear and thus act as one slab. 
They have approximately the full strength of a 6-in. concrete wall and ap- 
proximate the insulation of a 24-in. brick ‘wall. Because of the excellent 
insulation, economy and speed of erection they afford, walls and roofs of 
this type have been erected in about half a dozen large plants in Canada, 
including the International Paper Company at Gatineau, Quebec, and the 
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Fig. 3—Precast walls used in 
two story housing project in 
Bogota, Colombia 





new Columbia Cellulose Plant at Watson Island, British Columbia. These 
buildings are not only structurally sound but pleasing in appearance. 


COLOMBIA 


Vacuum Concrete de Colombia, Alvaro Ortega, general manager, is erecting 
large housing projects characterized by an unprecedented economy of 
materials. The walls of these buildings are precast and are only 2% in. 
thick. The new type of roofs (known as the Ortega-Billner roofs) are curved 
and cast on top of one another and vacuum processed. They are separated 
by a vacuum lifter which is also used for erecting the roofs and walls. Fig. 
3 shows erected walls for two-story houses in serial construction and Fig. 4 
a roof being set in place, using the vacuum lifter. 

The original plans for these houses were by Paul Lester Wiener and Jose 
Luis Sert of New York, consultants on the new city plan for Bogota. 


EGYPT 


The first precast multistory apartment project, 730 flats and 42 shops 


Fig. 4—Ortega-Billner roof being 
lowered into place by vacuum 
lifter 
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| Fig. 5—Structural frame of pre- 
cast members used for apartment 
building in a suburb of Cairo, 
Egypt 





comprising 63 separate building units, has been erected at Heliopolis, suburb 
of Cairo. The author conceived a preliminary design consisting of hollow 
columns with trough-shaped cross section main beams, and a new type of 
hollow slab economical of materials. This design was unique in multistory 
precast apartment buildings. However, due to the inexperience of Egyptian 
labor, it was decided that the columns and beams must be simplified even at 
a sacrifice of materials and time. 

Therefore, the columns were solid with a conventional male socket at the 
base and with the reinforcement protruding about -9 in. above the top end, 
which enabled the beams and columns to be tied together at erection. The 
beams were precast to three-fifths the design thickness with reinforcement 
protruding 4!5 in. above the upper surface. The ends of the beams were so 
designed that they surrounded the protruding vertical reinforcement of the 
columns, thus forming a mold for ‘‘tying-in” cast-in-place concrete. 

After the columns and beams for the first story were erected, the precast 
hollow floor slabs were placed. These floor slabs became the edge forms for 
placing the upper sections of the beams. These sections, with their protruding 
reinforcement, were then filled to the level of the slabs. With this tying in 


Fig. 6—Finished appearance of buildings 
shown in Fig. 5 
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of the column and beam reinforcements the entire structure had the strength 
of monolithic concrete. Fig. 5 shows the structural frames of some of the 
apartments and Fig. 6 some of the finished buildings. 


There was relatively little variation in column sizes, therefore it was possible 
to precast them horizontally in gang molds. . Bottom molds were used only 
on the first layer of each group; thereafter the edge forms were stripped, 
raised and secured to the member itself which, after oiling, served as the 
bottom mold. 


The beams, being of varying lengths and widths, were cast side by side 
on simple wooden pallets. Edge forms of thin sheet steel panels stiffened by 
wood cross members were used on one side only. The previous day’s pour, 
usually ahout 300 lineal feet for each group, served as an edge form for the 
opposite side. Wooden bulkheads formed the ends. 


Vacuum processing of the columns and beams was considered but> again, 
due to the inexperience of local labor, it was decided to vacuum process the 
floor slabs only. However, they make up about 75 percent of the total pre- 
casting. The slabs were generally 4 ft wide by 8 in. thick, with an average 
length of 15 ft. They were hollow and the air space between them com- 
prised 60 percent of the total volume. Core forms were 18 x 534 in. in cross 
section. Therefore the top slab over the core had an average thickness of 
114 in. and the bottom slab was only %4 in. thick. In casting, the bottom 
layer of concrete was placed first, then the core forms, and finally the rest of 
the concrete. A vacuum processing mat was placed on top of the fresh con- 
crete and vacuum was applied for 12 to 15 minutes. The size of the core 
forms was reduced by vacuum applied through the center and then pulled 
out. Edge forms were removed at the same time. The mat was then removed 
and placed on the adjoining slab. Thus the same edge forms and cores could 
be used about 10 times each day. 


Cement factor for the floor slabs was 300 kg per cu m (505.7 lb per cu yd) 
of concrete, but after processing they showed strengths corresponding to 
unprocessed slabs having 400 kg of cement per cu m (674.3 lb per cu yd) 
of concrete. 


This method of construction was a complete innovation in Egypt. Never- 
theless, the contractor found it possible every 3 months to cast and erect the 
complete skeletons of seven 4-story buildings, with approximately 400 sq m 
(4304 sq ft) per floor every three months. Near the end of the project this 
was accomplished in 244 months. The savings in material and form lumber 
make this an outstanding example of what can be done in precasting multi- 
story buildings. 

The owner is the Cairo Electric Railways and Heliopolis Oasis Co. The 
African Enterprise and Development Co. was the general contractor, and the 
vacuum concrete phases of the job were under the supervision of George V. 
Carlson of Billner Vacuum Concrete, 8S. A. 
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Fig. 7 — Vacuum processing 
equipment in place on revetment 
mats to be used for lining the 
Ottmarsheim Canal in France 





FRANCE 


Electricite de France, a branch of the French Government, has just com- 
pleted lining the banks of one portion of the Ottmarsheim Canal on the 
Rhine River development with precast vacuum concrete slabs. This work 
comprised 6,000,000 sq ft and there are two more sections to be done in the 
same manner. Each slab is approximately 30 ft long, 8 ft wide, and 3) in. 
thick. Slabs were cast on a concrete platform, vacuum processed, and lifted 
off the platform by vacuum lifters the ‘morning after they were cast. In 
placing them, a space approximately 2 in. wide was left between the slabs; 
hooked steel protruded so that when these grooves were filled the slabs were 
tied together. Fig. 7 shows a vacuum processing mat and Fig. 8 the casting 
yard. 

Another project of the same magnitude using articulated slabs has been 
started on the Rhone River development. Slabs are vacuum processed to 
increase their strength, and are handled by a new improved type of lifter, 
which has been named the “Octopus.” It is designed so that it can grab 
automatically upon touching the surface of objects of almost any shape, 
whether they have straight or curved sides. Fig. 9.shows the Octopus lifting 
articulated concrete revetting mats off the casting bed. It can pick up mats 
consisting of twenty individual pieces with a total length of 25 ft and width 
of 4 ft weighing two tons, and stack them in approximately 60 seconds. 

Among the many items made in France by the vacuum process are electric 


Fig. 8—General view of the 
casting yard for precasting revet- 
ment slabs 
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Fig. 9—The Octopus vacuum lifter in opera- 
tion 





poles. They are generally made in lengths of 35 to 50 ft with vacuum proc- 
essing through the sides and bottom of the steel forms in which they are cast. 
The steel side forms with the fresh concrete are lifted, and the entire pole, in 
which the concrete has not yet set, is placed on a sand bed and the side forms 
removed in about 20 minutes. When only two days old, these poles can be 
picked up at one point (Fig. 10). 

The developments in France are sponsored by the Societe du Vacuum 
Concrete, I. Leviant, manager, with headquarters in Paris. 


_ITALY 


Professor Vacchelli, University of Milan, has made a series of tests of 
vacuum concrete which confirm previous tests made in the United States, 
France and other countries. 

Societa Italiana del Vacuum Concrete, Tullio Delfini, manager, Milan, is 
precasting 3,000,000 sq ft of lining for pressure tunnels for works at Talvera, 
Avisio and Adige. 

Similar slabs are precast for the outside facing of the electric stations at 
Predazzo and Tavazzano. These slabs are approximately 5 x 2 ft, and 
14 in. thick and are reinforced with a light wire mesh. They have a remark- 
able strength of about 9000 psi and an absolutely smooth wearing surface. 
The plants for making these slabs are at Predazzo and Mori near Trento. 
The ornamental slabs for buildings have a white cement surface. Work is 
now in progress'to precast flumes for irrigation projects. Fig. 11 shows a 
power station faced with precast slabs. 


Fig. 10—Precast utility pole 
being lifted only two days after 
casting 
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Fig. 11—Power station in Italy 
faced with precast slabs 


Fig 12—General view of pipe 
precasting yard at Mucone, Italy 


Mantelli and Ci., Ferrocemento, Rome, F. Piccinini, manager, are making 
100,000 tons of large diameter pipe of two types. At Mucone, southeast of 
Naples, 10-ft diameter pipe are cast in lengths of 16 ft 8 in. The wall thick- 
ness is 4/4 in. and the strength of the concrete averages 7000 psi for a 1:5 
mix. Both inside and outside vacuum forms are removed half an hour after 
casting the concrete and the pipes are lifted off the casting platform by the 
vacuum lifter the following morning. Then, after. required strength is ob- 
tained, they are turned to a horizontal position by a special vacuum lifter and 
wound with high strength wire for prestressing. These pipes have no steel 
membrane and yet they withstand a‘ pressure of 12 atmospheres, 7.e., a 
400-ft head ‘of water, without any moisture coming through. An outside 
protective coating for the prestressed wire, 1 in. thick, is placed and vibrated 
and then vacuum processed. Fig. 12 shows a general view of the yard, Fig. 
13 the placing of concrete in a form. 

The pipe made at the Volturno Plant has-an inside diameter of 14 ft and 
a wall thickness of 12 in. Each section is 15 ft long and weighs 52 tons. They 
are reinforced in the ordinary: manner (not prestressed). Inside and outside 
forms are removed 30 minutes after the concrete is placed and the pipes are 
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Fig. 13—Placing concrete in a vacuum process | 
form for pipes 





lifted off the casting bed by a vacuum lifter the morning after they are cast. 
The pump requires only 15 horsepower for this heavy lift. The mix is 1:7 
and the pipe is to withstand a 60 ft head of water pressure. 


SPAIN 


The most interesting work is a contract for unreinforced large diameter 
pipe. The need for saving steel at this time is universal but is particularly 
acute in Spain. Therefore, it was decided to use very high strength concrete 
and to support the pipe in a cast-in-place trough-shaped lean mix concrete 
bed. The average diameter of these pipes is 5 ft; the wall thickness is 2%% in. 
The work is sponsored by the Spanish Vacuum Concrete Company, Madrid, 





Fig. 14—Test load of unreinforced 
pipe made in Spain 
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Fig. 15—Vacuum lifter for 52 ton 
pipe 





of which Alfredo Semelas is manager. Fig. 14 shows test loading of this 
unreinforced pipe and Fig. 15 the vacuum lifter. 


UNION OF SOUTH AFRICA - 


The vacuum concrete processes are rapidly coming into use. They are 
sponsored by Vacuum Concrete Pty., Ltd., Africa, Peter J. Doanides, manager. 
One of the outstanding jobs is a partition wall in the Van Dyk Gold Mine. 
The mine is 4800 ft deep, and the 6-in. thick 15-ft wide partition wall was 
built in 40 days (continuous 24-hour operation), using only one 10 ft high 
vacuum form, which was moved up every two hours for the next pour. The 
wall was built to eliminate air currents retarding operation of hoists traveling 
at 3000 ft per minute. 

Vacuum concrete construction is also being used for native housing and 
for streamlined precast concrete struts in the mine shafts.* 

One of Doanides’ most recent developments is precasting of large circular 
tanks. Depending on the diameter of the tank, 36 to 48 precast panels the 
full height of the tank are used. The vacuum concrete process makes possible 
economical use of rib panels cast in concrete molds. The panels are vacuum 
processed from the sides and top. The early strength obtained and the use 
of the vacuum lifter makes possible the lifting of the sections from the molds 
each morning and the use of the same molds once every day. In this way, 
with one set of side forms and six molds, it is possible to cast all required 
sections for a 200,000 gallon tank in five to eight days. Costs are greatly 
reduced in industrial plants requiring a number of tanks, where it is possible 


*Doanides, Peter J., “Streamlined Concrete Buntons for Mine Shafts,’’ ACI Journat, Dec. 1951, Proc. V. 48, 
p. 309. 
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Fig. 16—Precast water tank in 
the Union of South Africa 


to establish a small casting yard and produce enough precast sections for a 
100,000 gallon tank every two days. The precast panels are held together 
by post-stressed wire ropes tightened at the bottom, at the lower third and 
at the outside top of the walls. 

Two x 1-in. sponge rubber strips are fixed either side of grooves in the 
vertical ribs of the precast panels. These sponge rubber strips make possible 
the use of the vertical grooves as vacuum holders during the erection of the 
tank sections, and provide temporary watertightness of the tank before 
concreting the grooves. The grooves are filled with concrete after the tank 
has been filled with water. Thus, the post-stressed cables will have their 
maximum working stress when these jointing grooves have been filled with 
concrete. With the well-known watertightness obtained with vacuum proc- 
essed concrete, a thickness of 3 in. for the precast panels has proved adequate. 
The total quantity of concrete is thus greatly reduced compared with tank 
walls cast in situ, and the danger of shrinkage cracks is eliminated. Vacuum 
holders are used for adjusting the precast sections during the course of erection. 

Total erection time for the tank shown in Fig. 16 was 8 hours and 40 minutes. 
Doanides claims that precasting walls of circular tanks can reduce construc- 
tion time to a fraction of that required by other methods. During excavation 
and pouring of the foundation ring, the precast sections are cast and cured. 
Upon completion of the foundations, the wall panels are ready for erection, 
and the tank can be ready.for use within two days. 


SUMMARY 


This report indicates the rapidly growing interest in precasting methods 
abroad. The reason is that it saves form lumber, steel and cement. Due to 
its inherent better control, uniformly high strength concrete can be had. 
This in turn means lighter sections and less construction time. 

















BY WAY OF SYNOPSIS 





Epwin Ross, H. J. Gitkry, RaymMonp C. REEsE and Artuur P. CLARK 
discuss bond values for reinforcing bars in the 1951 Building Code. 


Bruce E. Ciark presents charts for the field solution of grout mix problems. 


Why Classify Old-Style Deformed Bars as Plain Bars in the 1951 


Building Code? (LR 48-24) 


Although the old-style deformed bars referred to in this discussion have pretty well gone out of 
existence, mcking the question of a change in the Code an academic one, the several answers 
furnished by Members thoroughly familiar with the development of the 1951 Building Code give 
an excellent insight into Standards work in the Institute. 


On the whole, the revised “Building Code 
Requirements for Reinforced Concrete (ACI 
318-51) is an advancement in efficient and 
economical design and the committee is to 
be commended on its fine work. 


However, I find it difficult to justify the 
use of a lower allowable bond stress for all 
the old types of deformed bars (by consider- 
ing them plain bars) than the values former- 
ly used. For years all types of structures 
have been designed using old code values and 
have given with no 
failures by bond. A question arises as to why 


satisfactory service 
it was suddenly necessary to reduce allow- 
able bond when the former design value had 
proved satisfactory for many years. , 


*A part of copyrighted JouRNAL oF THE AMERICAN ConcreTE InstiruTe, V. 23, } 


V. 48. Separate prints are available at 35 cents each. 


It may be stated that we are not concerned 
with the older type of deformed bar; that we 
have only the new type deformed bar which 
all mills are now rolling. Assuming that this 
is true, there is a transition period when 
some jobs use old-type deformed bars from 
old stocks. Even if this occurred in only a 
small number of jobs, some provision should 
have been made for this transition period. 


To try to follow the committee’s reasoning 
behind this change regarding classing old de- 
formed bars as plain bars, I have reviewed 
some of the literature on the subject. The 
only published material I have found that 
seems to partly substantiate such a change is 
by Arthur P. Clarkt in 1949. In this paper, 


No. 7, Mar. 1952, Proceedings, 


Address 18263 W. McNichols Rd., Detroit 19, Mich: 


+Clark, Arthur P., “‘Bond of Concrete Reinforcing Bars,’’ ACI Journat, Nov. 1949, Proc. V. 46, pp. 161-184. 
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indicate 
better than the 
plain bar which was also tested in this same 


tests of the bar designated No. 2 


values of bond not much 


series. It is the only one of the older type 
deformed bars 
tested, that 
plain bar. 


of which several others were 
show values near those of the 
An inspection of the picture of 
the bar shows only slight deformations spaced 
at what appears about 11% bar diameters, 
and gives appearance of having such poor 
deformations so as to really appear little 
All other older de- 


formed bars seem to give considerably better 


better than a plain bar. 


results. 
Why could not bond for the old type of 


deformed bar have been for as 


provided 
follows: 
1. For the old deformed bar, use the 1947 
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Code value for bond, that is, 0.05 f.’ for beams 
and slabs. 


2. Class the particular type of old de- 
formed bar which has such small deforma- 
tions spaced so far apart (as the No. 2 bar 
in Mr. Clark’s tests), as a plain bar. A simple 
specification would have defined the minimum 
requirements for the old type of deformed 
bar. 

In the and 
plified detailing during the transition period, 
I believe the Code included 
some provision for the old type deformed 


interest of clarification sim- 


should have 
bar other than being considered as a plain 
bar. 
Epwin Rose, Structural En- 
gineer, Bureau of Reclama- 
tion, Denver, Colo. 





The points raised by Mr. Rose, and the 
suggestions he offers are about what might 
be expected from an alert, thoughtful person 
not fully conversant with the background of 
ACI Code Actually the 


A 305 bars are the result a widely pub- 


recent changes. 
of 
licized incubation period extending over some 
eight years, during which manufacturer after 
manufacturer has converted until now each 
of the 29 leading bar producers is rolling one 
ASTM A 305 
In other words, old-type bars 


of the six patterns meeting 
requirements. 
were virtually off the market prior to 1951 
and the February 1951 changes in ‘Building 
Code Requirements for Reinforced Concrete” 
constitute little 
accomplished fact. 


more than confirmation of 


A unique angle of the new-bar development 
is the interesting fact that after some forty 
years of lethargy the steel interests them- 
selves took the lead in pushing for the de- 
velopment and adoption of better bars. In 
fact over a period of four or five years I have, 
as Chairman of both ACI Committee 208 on 
Bond the Standards Com- 
mittee, borne the brunt of considerable im- 


Stress, and of 
patience on the part of the steel bar associa- 
tions and individual manufacturers of bars, 
over the slowness with which the “orderly 
processes of ACI Standardization” progressed. 
It is at least novel and mildly comforting 


to be accused by implication not of slowness, 
With the initia- 
tive and responsibility for these code changes 


but rather of excess haste. 


so heavily vested in the producers the prob- 
lem of left-over stocks of old-type bars didn’t 
exist, but if it had it was literally “within 
the family” and not something for serious 
consumer concern. 

Other aspects of Mr. Rose’s comments, 
along of the fore- 
going, will in an attempt to 
review briefly the background of the 1951 
Building Code This 
offered mainly as a series of unsupported 


with some reiteration 


be covered 


changes. review is 
statements. 

1. Committee 318, Building Code, adopted 
exactly the recommendation formulated in 
February 1949 by 208, Bond 
Stress. 


Committee 


2. There have been in the past innumerable 


patterns and types of deformed bars of which 


some 15 or 20 were current during the past 
decade. These patterns had quite a range of 
excellence, some fairly good, others poor. 
A deformed bar—good, bad or indifferent 

has always been a deformed bar without 
The ASTM A 305 
tentative specification represents the first 
attempt to define such a bar in terms sus- 
ceptible of measurement. It constitutes a 
studied attempt to capitalize upon some 


definition or distinction. 
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things we have long known and upon recent 
added information and activities culminat- 
ing in the development of patterns for greatly 
improved deformed bars. There was and is 
no existing basis for classifying some bars as 
better than others without having gone 
through the same exhaustive test procedure 
that led to the A 305 specification.* 

3. As long ago as 1913 such load-slip 
curves as those of Fig. 23 and 24 of Abram’s 
University of Illinois Bulletin 71 show that 
within the very small amount of slip that 
can be tolerated in a beam without serious 
cracking only a few of the very best patterns 
of the then-current deformed bars showed an 
effectiveness even slightly superior to that of 
plain bars. Over the years there was little 
progress toward better. Within the work- 
able-slip range, the moderate code advantage 
long accorded to deformed bars over plain 
has been largely fictitious and based more 
upon the slowing-down of final collapse (if 
the bar didn’t split out) than to any effective 
contribution to workable bond. 

1. To say that an absence of failures in- 
dicates adequacy of design is a common but 
highly questionable type of statement. We 
don’t expect the structures we design to 
fail under normal usage. Until we get an 
actual failure we don’t know how far we may 
have intruded upon the margin of added 
resistance we endeavored to supply by the 
so-called factor of safety. Even after we 
get a failure of a structure, only rarely have 
we a basis for knowing just what constituted 
the primary or initial breakdown which 
functioned as the trigger to collapse. With 
how many failures of reinforced concrete 
structures is Mr. Rose personally familiar 
and, if any, does he know the primary cause 
of the failure? On the other hand if the re- 
serve strength under normal use is but 25 
percent in bond against 50 percent against 
failure by tension in the steel, is that a 
balanced or fully satisfying design? 

With an increasing tendency to “up” the 
stresses in the steel the relative weakness in 
bond and diagonal tension (and the two 
usually fail together) has been becoming more 
pronounced. No, I cannot concede’ that at 
the present stage of engineering design, mere 
absence of failure is evidence of adequacy. 
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5. The work of Menzel, supported by the 
extensive researches of Clark have strikingly 
shown the great reduction of bond for top 
rods due to settlement of the concrete and 
water gain beneath the bars. The deep-cut 
corrugations of the A 305 bars make them 
greatly superior to any of the old-type, al- 
though even for the A305, there is still 
pronounced top-rod reduction in bond. 


6. As mentioned initially, the discussion 
implies that the change-over has been so 
sudden as justifiably to leave appreciable 
stocks of old-type bars on the market. This 
is not the ca Only a very stubborn or a 
very sleepy producer or dealer could have 
been pinched by the change-over. In Feb- 
ruary 1949, Committee 208 released its 
recommendation which was published in En- 
gineering News-Record, Mar. 3, 1949, and 
in the ACI Journat News Letter, Apr. 1949, 
and ACI Journat, May 1950. The Rail 
Steel Bar Assn., The Concrete Reinforcing 
Steel Institute and the American Iron and 
Steel Institute have published voluminously, 
heralding the new type ASTM A 305 bars. 
The leading bar producers have been ex- 
tremely impatient of the ACI’s Bond Com- 
mittee (208), its Building Code Committee 
(318) and the Standards Committee proce- 
dures which delayed for by about two years 





the activation of a recommendation widely 
publicized and known to be coming. The 
A 305 bars have had a long transition period; 
they had already largely crowded old-type 
deformed bars out of the picture more than 
a year before the ACT 1951 Code changes 
became effective. Laws drast ‘ally affecting 
income taxes, availability of materials, 
appropriations for enormous undertakings 
are passed (or directives are handed down) 
with a fraction of the warning given in the 
present instance. It was the consensus of 
the Committee and of the producing steel 
companies that, once the change-over to the 
improved bars was decided upon, the faster 
the transition could be made the better. It 
was deemed important to provide every pro- 
ducer with an economic incentive to put 
himself in line at the earliest possible moment. 

7. Much as we ACIers might like to have 
it so, the ACI Code is not yet the law of the 
land. Should there be any organization so 


*Report of ACI Committee 208, Bond Stress, “‘Proposed Test Procedure to Determine Relative Bond Value 
of Reinforcing Bars,’’ ACI JourNAL, Feb. 1945, Proc. V. 41, pp. 273-292; Nov. 1945 Supplement, pp.292-1—292-8. 
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backward as still to find itself stocked with 
old-type deformed bars, it is operating in an 
orbit where the ACI or any other up-to-date 
code isn’t likely to be of consequence or even 
known. 
Closing comment 

To anyone who has functioned on a tech- 
nical committee or a code-evolving body it is 
axiomatic that not all of the provisions of 
any group report can be supported either by 
facts or by logic. Even where there is a 
solid backlog of performance or research 
data, there are still differences of interpreta- 
tion and differences in the attempts at extra- 
polation to make the findings applicable to 
other specialized and generalized situations. 
Code provisions not directly tied to experi- 
ment or specific experience are even less 
sacred and are, more often than not, the 
result of such factors as: mere committee 
consensus, an averaging or compromising of 
divergent views, some member’s “expert” 
opinion, or an offhand statement that “got 
by” unchallenged. Without belittling the 
importance of our technical committees, for 
they constitute the best method yet devised 
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for pooling and codifying collective ex- 
perience, the fact remains that close familiar- 
ity with committee affairs tends to reduce 
the halo to a hat band—sometimes a soiled 
one. A more general realization that com- 
mittee feet are always embedded in clay 
would entail some loss of awe and prestige 
but it should beget more and better dis- 
cussions from the laity. Even though I have 
disagreed with Mr. Rose’s contention and 
recommendation, I maintain that he is to 
be commended for offering them, especially 
since he may well have been functioning as 
an unwitting spokesman for others of the 
Institute’s “readership.”” It is to be hoped, 
moreover, that other ACI members will like- 
wise be as constructively critical of com- 
mittee offerings as they would be of those 
from an individual. It takes questions and 
suggestions to beget better answers and to 
spark improvements. 
H. J. Gitxey, Professor and 
Head, Dept. of Theoretical 
and Applied Mechanics, Iowa 
State College, Ames, Iowa. 
Chairman, ACI ‘Committee 
208, Bond Stress 





In answer to Mr. Rose’s question as to why 
ACI Committee 318, in revising the ‘Build- 
ing Code Requirements for Reinforced Con- 
crete (ACI 318-51),” did not see fit to have 
three categories of bars, 7.e., those meeting 
ASTM A 305-50T, those which are deformed 
but do not meet the requirements, and plain 
round bars, the following brief thoughts are 
offered: 

1. The new style bar has a definite specifi- 
cation, easily verified, and the stresses can 
be correlated with the bars. 

2. The old style bars had no specific de- 
They varied according to the 
It would, 
complicated to determine a 


formations. 
rolling mill’s practice or whim. 
therefore, be 
lesser bond stress that would be applicable 
to such a wide assortment of deformations. 
3. It was stated as the unanimous opinion 
of the rolling mills that after the middle of 
1951, only new style bars would be rolled. 
The 
made it impossible to meet this statement 
100 percent, and yet it is close to fulfillment. 


current stringent steel situation has 


4. Therefore, the Committee felt they were 
justified in dividing bars into two classes— 
which do conform and those which 
do not conform. 


those 


5. Since the recommendations of ACI 318- 
51 become effective only when ratified by 
the proper legal authorities (legislature, city 
councils, or what-not) and since time is in- 
volved to make such specifications legally 
effective, it was felt that the stock of old- 
style deformed bars would be pretty well 
consumed by the time ACI 318-51 
legally applicable and that the designer, in 
conjunction with the local authorities, would 


was 


probably have some leeway in the interim 
period to work under either the old or the 
new code, depending upon the bars avail- 
able. 

6. Finally, it unwise to 
perpetuate any thought of a “half-deformed” 


was considered 


bar, even for a brief period. 


Raymond C. Reese, Con- 
sulting Engineer, Toledo, 
Ohio 
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In reference to the discussion by Mr. Rose, 
I would comment that there were many old- 
type deformed bars and the bond resistance 
developed varied from just a little better 
than plain bars to something less than that 
developed by the new types. However, in 
some cases premature failure was due to 
splitting action. Code and specification re- 
quirements relating to deformed bars were 
obviously improper with the wide range and 
questionable bond values of the old deformed 
bars. 

To correct conditions it was necessary first 
to have a definition for a deformed:bar. After 
extensive tests it was possible to outline the 
minimum requirements for the surface defor- 
mations which would justify the use of a 
specified bond stress. Inasmuch as the pro- 
ducers indicated they could and would pro- 
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vide bars to meet the minimum requirements, 
later incorporated in ASTM A 305, there 
was no need for another specification for 
what might be called a semi-deformed bar. 


All of the principal producers are now 
exclusively rolling the new types of bars and 
considering the shortage which has existed 
for some time there can be little tonnage left 
of accumulated stocks and what there may 
be would certainly be used up before a new 
provision of the ACI Building Code could 
be formally adopted. 


ArtTuHuR P. Ciark, Research 
Associate, Fellowship of 
Committee on Reinforced 
Concrete Research, American 
Iron and Steel Institute at 
National Bureau of Stand- 
ards, Washington, D. C. 


Grout Mix Computation Charts (LR 48-25) 


During grouting operations it is frequently 
necessary to change the consistency of the 
grout in the mixer, sump or supply line by 
the addition of either water or cement. It 
is the responsibility of the grouting inspector 
to make or check these determinations. 


While analytical solutions are not difficult, 
they are time consuming. The accompany- 
ing charts have been devised as an aid to 
the grouting inspector in making rapid 
determinations of the proper proportions of 
water and cement necessary to provide grout 
of any desired consistency, including chang- 
ing a given amount of grout of known con- 
sistency to a different water-cement ratio. 
Examples illustrating the use of the charts 
are shown below each chart. 

The charts are prepared on the basis of the 
following relationships: 

< 3 cu ft of water 
Water-cement ratio, w/c = ah aden at 

cement 


é 
Volume of mixed grout = w + a 


From the above relationships, the follow- 
ing formulas can be derived: 


Y 


To thin mixes Where: 
N(B — A) C = cement requir- 
W =- —— . 
A+0.5 ed to thicken 
mixes 
To thicken mixes N =cu ft of grout 
= N(A == B)_ on hand 


en A = initial w/c 


: B = desired w/c 
Number of sacks W 


of cement in a given 
quantity of grout 


~ B(A + 0.5) 


= water required 
to thin mixes 

S = sacks cement in 

=e 2N ? a given quan- 

142A tity of grout 


RH 


The above formulas are sufficient for solv- 
ing grout mix problems. However in the 
field the charts solve the problems more 
quickly, and with less chance of mistake. For 
field computation of grout mixes and changes, 
water-cement ratio = cu ft of water divided 
by sacks of cement. To use mix thinning and 
thickening charts lay a straightedge from 
intersection of initial and desired water- 
cement ratios to lower left-hand corner of 
chart (point x). Read sacks cement or cu ft 
of water corresponding to cu ft of grout. 
Bruce E. Ciark, Geology 
Section, Sacramento District, 
Corps of Engineers 
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Fig. 1—Chart and examples for thinning grout 
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Fig. 2—Chart and examples for thickening grout 
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Fig. 3—Chart for determining amount of cement in grout 

















Cleaning and sealing joints in concrete roads 

Concrete and Constructional Engineering 

V. 46, No. 11, Nov. 1951, pp. 346-348 
Reviewed by GLENN Murpuy 


(London), 


Describes British and American equipment 
Road 


as demonstrated by the Research 


Laboratory. 


Transporting and storing loose cement 
46, No. 11, 


Concrete and Constructional Engineering, V. 
Nov. 1951, pp. 337-345 

teviewed by GLENN Murpny 

This article consists of a description with 


drawings and photographs of methods 
evolved for handling loose cement. 
British 


described. 


Primarily 


and continental practices are 


Measuring the prestress in steel wires in 
concrete with a wire stress meter (Messen der 
Vorspannung in Drahten bei Stahlsaitenbeton 
mittels Drahtspannungsmesser) 


June and A. 


EK. KRvTSCHMER, Betonstein-Zeitung 
(Wiesbaden), V. 17, N 35 


No. 6, June 1951, pp. 134-135 
Reviewed by, Rupo.ren Fiscui 
The Berlin-Dahlem material testing labo- 

ratory (Materialpriifungsanstalt) developed 

a handy and sturdy instrument, the “stress 

meter.”’ It is used ‘to measure the stress in 

prestressed steel wires by reading the de- 
flection of the wire between two supports 

with a defined shear, which is immediately a 

measure for the prestressing. 

wire 


Each single 


can be checked and the scale is ad- 
justable for different diameters of the wires. 
The instrument is easy to handle even by 


an unskilled person. » 


of Significant Contributions in Foreign and Domestic Publications 


Reinforced concrete piles under tension 
J. A. WAKEFIELD, Engineering (London), V. 172, No. 
4471, Oct. 5, 1951, pp. 420-421 
Reviewed by Aron L. Mirsky 
Tests of resistance to extraction of cast- 
in-place bored-type under 
pneumatic pressure (rather than the weight 
of a mandrel). 
developed by the piles enabled the designers 
to reduce the 


piles concreted 
The large resistance to uplift 


weight of concrete anchor 
blocks under the legs of transmission towers, 
Methods of 


forming and testing the piles are described. 


saving considerable money. 


Steel-pan forms provide economical long-span 
roo 

R. L. Rew, Civil Engineering, V. 21, No. 9, Sept. 1951, 
pp. 32-33 

WILDE 


Reviewed by Rosert F. 


Use of specially designed steel-pan forms 


for the reinforced concrete roof of a 


story brick building permitted the elimi- 


one- 


nation of interior columns in various areas. 
The usual method of framing the roof proved 
practical and economical and contributed 
to speed of construction. 

The pans were 3 ft square and were designed 
so that sides could be flexed for easy removal 
and the forms could be used on future jobs. 
Details of the concrete roof slab include 8 in. 
deep joists, 6 in. wide on the bottom, which 
were covered by a 2'%-in. slab. The roof 
covered a total area of approximately 6000 
sq ft divided into three panels. Each area 
was bounded by a system of concrete columns 
and beams, thus making it structurally a 
modified two-way slab. 


*A part of copyrighted JourRNAL or THE AMERICAN ConcreETE INstiTUTE, V. 23, No. 7, Mar. 1952, Proceedings 


V. 48. 
through ACI. 


will be furnished by ACI on request. 





Address 18263 W. MeNichols Rd., Detroit 19, Mich. 
In most cases they can be obtained direct from the original publishers. 
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Copies of articles or books reviewed are not available 
Address, when available, 
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Research reports of the German Committee for 
Reinforced Concrete (Die Versuchsberichte des 
Deutschen Ausschusses fur Stahlbeton) 
Orro Grar, German Committee for Reinforced Con- 
crete, No. 105, 1951, Wilhelm Ernst and Son, Berlin. 
46 pp. 
Reviewed by Aron L. Mirsky 
A summary of the first 102 numbers (pre- 
1910 to 1950) of the Committee, prepared to 
acquaint German engineers with what had 
been accomplished, in particular view of the 
current dearth of facilities in 
Germany and the wartime destruction of 


research 
libraries. As an up-to-date summary of the 
present state of the art, as well as a condensed 
history of the past, it makes this reviewer 
wish for an American equivalent. 


Approximate formulas for rectangular tanks 
(Naherungsformeln fur kastenformige Behalter) 
H. Craremer, Oesterreichische Bauzeitschrift (Vienna), 
V. 6, No. 10, Oct. 1951, pp. 172-1 

Reviewed by 








{UDOLPH FiIscHL 


The frequently used 


design the 


approximation to 


horizontal cuts of rectangular 
and the 
modified by 


straight-line load distribution. 


tanks as closed frames walls as 


cantilevers, is using a 
3y setting 
the maximum deflection of the frame equal 


new 


to the deflection of the cantilever at a certain 
section, the load ratios are found, and the 
moments determined. This load distribution 
different 
The 
formulas may be easily adjusted to different 
end conditions of the walls. 


automatically takes care of the 


conditions for high or for wide tanks. 


Composite action between precast reinforced 
concrete sections and cast-in-place concrete 
(Die Verbundwirkung zwischen Stahlbeton- 
fertigteilen und Ortbeton) 


ApoLr Meyer, Der 
No. 11, N 


Bauingenieur (Berlin), V. 26, 
Nov. 1951, pp. 327-330 
Reviewed by-Aron L. Mirsky 
Precast beams 3 m long were used as the 
tension portions of T-beams, with the com- 
pression flanges formed of concrete placed 
60 or 120 days later. The beams 
loaded at the third points in testing. 
The author that 
loading existed 


were 


static 
without 
keyed joints or stirrup connectors embedded 
in the cast-in-place concrete to take the 
horizontal shear. 


concludes with 


composite action 


However, excessive shrink- 
age of the cast-in-place concrete -must be 
prevented. 
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It appears to this reviewer that more and 
better test data might be desirable; the data 
reported in this article appear open to some 
question, with the experimental 
shortcomings mentioned by the author 
possibly being to blame. 


various 


Reports on experiments with continuous rein- 
forcement in concrete pavements—California 
Tuomas E. Sranton, Proceedings, Highway Research 
Board, V. 50, 1950, pp. 28-44 

Presents data on the California continuous 
reinforced concrete pavement 
signed to study stresses in the steel rein- 
forcing and incidence in an §8-in. 
uniform thickness pavement slab with the 
steel centrally placed in the depth of the 
slab, as well as long-time performance with 
relation to riding qualities. 


project de- 


crack 


Details are given 
of the installation of SR-4 strain gages and 
thermocouples in the slab and records of 
crack formation are reproduced. 

Crack 


placed early in the day than on adjoining 


incidence was greater on sections 


sections placed late in the day. The project 
was constructed during summer of 1949 with 
consequent relatively high atmospheric tem- 
peratures. Up to one and one-half years the 
crack incidence was not materialy affected 
by the percentage of steel. 


Effect of exposure to soils on the properties of 

asbestos-cement pipe 

Irvine A. Dentson and Metvin RoMANOF?F, .« 

of Research, NBS, V. 5, No. 4, Nov. 1951, pp. 367 ) 
Reviewed by C. C. Fisnpurn 








This 


study made on two varieties of asbestos 


report summarizes the results of 
cement pipe involving the exposure of 15 
different soils for periods up to 11 years. 
The 


deficient in Water soluble salts to very poorly 


soils range from well-aerated types 
aerated ones containing high concentrations 
of soluble material. The effects of exposure 
to the soils on the mechanical and physical 
properties of asbestos-cement pipe are indi- 
cated by measurements of hydrostatic burst- 
ing pressure, crushing strength, water ab- 
sorption, apparent specific gravity and by 
observations of the condition of the surface 
of the specimens removed. Bursting and 
crushing strengths of the pipe samples, after 
exposure, without exception higher 
than the requirements of the Federal speci- 
fications for this class of material. 


were 
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Reinforced concrete slurry tanks 
Oscar FaBer, Concrete and Constructional Engineering 
(London), V. 46, No. 11, Nov. 1951, pp. 323-332 





Reviewed by GLENN MurRpHY 


Ten mixing and storage tanks constructed 
for the British Portland Cement Manu- 
facturers at Shoreham are described. The 
two pairs of preliminary mixing tanks are 
54 ft 6 in. high and each has an outside 
diameter of 23 ft 7 in. In these tanks the 
chalk slurry and clay slurry are mixed with 
the assistance of air agitation. The two 
final mixing tanks are each 78 ft high with 
an outside diameter of 27 ft 1 in. and are 
built to form a pair. The four storage tanks 
are 66 ft in diameter and have an over-all 
height of 14 ft 8 in. 

The walls and bottoms of the tanks vary 
in thickness, being proportioned in accord- 
ance with the hoop tension. In the final 
mixers the walls vary uniformly in thickness 
from 6 in. at the top to 16 in. at the bottom. 
The maximum design tensile stress in the 
concrete is 175 psi. Precautions were taken 
to avoid leakage, and as soon as _ possible 
after casting the tanks were filled with water 
to reduce shrinkage cracking, and to aid in 
strength gain. 


Revolutionary staircase built of prestressed 
concrete 
G. MAGNE 
1951, pp. 





Civil Engineering, V. 21, No. 9, Sept. 
‘ 





Reviewed by Rosert E,. WILpe 


Describes briefly the design of a helicoidal 
staircase built of prestressed concrete. The 
staircase, }uilt for General Motors Conti- 
nental, Antwerp, Belgium, rises 17 ft un- 
supported except at bottom and top. 

Since no reliable formula exists for comput- 
ing torsional stresses in very thin rectangular 
concrete sections, in this case about 11 in., 
Professor Magnel tested a full-scale model 
under loads up to 3) times the working 





load. The final staircase design was based 
on the test results. 

Prestressing of the model was by means of 
two cables, each containing 16 wires of 5 mm 
diameter, stressed at one end up to 145,000 
psi. 

Prestress was applied to the actual stair- 
case by jacking both ends of six cables and 
was applied simultaneously to reduce the 
friction loss from 45 (measured in model) to 
22.5 percent. 
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Construction of a large jetty on Southampton 
water 
Concrete and Constructional Engineering (London), 
V. 46, No. 10, Oct. 1951, pp. 305-315 
Reviewed by GLENN MurRpHY 
This article describes the unusual equip- 
ment used in the construction of the Esso 
Petroleum Co. jetty at Fawley, the design 
of which was described in the previous 
number of this journal. A casting yard with 
a capacity of 50 cu yd per day was established 
for casting the piles, frames, beams and 
struts. Both air-entraining and ordinary 
concrete were used. Since some of the piles 
weighed 18 tons, special handling equipment 
was necessary. Floating pile drivers were 
used. Caissons of 36- and 40-ft diameter 
were cast initially with a 24-ft wall. After 
seven days they were lowered to high-tide 





level and floated into a new position where 
the walls were extended to 66 ft. They 
were then moved to their final positions and 
sunk. A number of photographs taken at 
different stages of progress are included. 


The ultimate resistance of prestressed concrete 

beams 

P. W. ABELEs, Concrete and Constructional Engineering 

(London), V. 46, No. 10, Oct. 1951, pp. 295-303 
Reviewed by GLENN MurpHy 

The author discusses the significance of 
one definition of factor of safety as applied 
to reinforced concrete beams and describes 
the differences in expected behavior of beams 
containing bonded reinforcement (pre-ten- 
sioned) and beams containing unbonded re- 
inforcement (post-tensioned without effective 
grouting). The design of both types of 
beams is considered, and formulas and 
coefficients are given for the ultimate resist- 
ing moment expected in beams of rectangular 
cross section. It is assumed that the com- 
pressive stress in the concrete at failure is 
equal to 0.6 of the cube strength and is 
uniformly distributed throughout the area in 
compression. I-beams with bonded wires are 
also discussed. 

As proof of the author’s statement that 
the results from his formulas are conservative 
he cites the results from tests on three beams 
tested recently. The author states that 
extensive research is necessary to develop 
reliable design data and indicates that since 
only approximate results are now available 
the simplest solution seems to be preferable. 
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Coast protection works at Clacton 


Concrete and Constructional Engineering 
V. 46, No. 10, Oct. 1951, pp. 316-318 


Reviewed by GLENN Murpuy 


(London), 


In an abstract of a paper by W. Aiston in 
the Journal of the Institution of Municipal 
Engineers the concrete groynes and sea wall 
at Clacton-on-Sea described. The 
groynes are from 7 to 11 ft wide and from 5 
to 11 ft high with stepped vertical sides and 
buttresses to reduce scour. The sea wall is 
11 ft wide at the base and 15 ft 6 in. high 
with a battered seaward face. In addition, 
both faces of the wall are stepped. Con- 
struction details are described and photo- 
graphs and drawings are included. 


are 


Durability of concrete with and without rein- 

forcement subjected to weathering (La dur- 

abilite du beton et du beton arme soumis aux 

actions atmospheriques) 

F. Campvus, Cours de Constructions du 

Université de Liége, No. 79, Sept. 1950 
Reviewed by Puiturp L. MELVILLE 


Civil, 


Genie 


Poor durability has been observed on a 
number of reinforced concrete structures in 
Belgium and especially on poles for power 
A theoretical study indicates the 
importance of keeping the voids to a minimum 
as reflected in the porosity which may best 


lines. 


be determined by testing of the hardened 
concrete in the autoclave. It is advised that 
the concrete mix should be designed on the 
basis of absolute volumes with field quantities 
measured by weights. Both temperature and 
moisture variations are responsible for poor 
durability with freezing most critical. Frost 
will cause swelling of the and 
shrinkage of the reinforcement with ensuing 
cracking. 


concrete 


It is advisable to place a cover of 
sufficient thickness on bars near the corners. 
As soon as cracking has taken place, a pro- 
gressive failure follows due to volumetric 
changes of the reinforcing steel upon cor- 
rosion. This action can also take place 
without cracking when all free lime has been 
leached out of a shallow covering of the 
steel. It is recommended that the porosity 
be less than 10 percent by volume and the 
cover on reinforcement be at least 2 diam- 
eters or 30 mm., whichever is larger. Sug- 
gestions 


are made for repairs of weathered 
concrete and specifications on thickness of 
cover in Norway, France, Finland, Great 
Britain and the United States are studied. 
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Thin-shell-arch hockey stadium for Quebec 
built in 10 months 
Rosert ZasorowskI, Civil Engineering, V. 21, No. 10, 
Oct. 1951, pp. 36-40 

Reviewed by Rosert E. WiLpe 

The thin-shell concrete arch, designed to 
house Quebec’s (Canada) new hockey arena, 
spans 240 ft between A-frame buttresses. 
The actual construction was accomplished 
in about 614 months, although this did not 
include all the interior finishing. 

The curved roof slab, varying from 4 to 
6 in. thick, is supported by arches 4 ft deep 
and 2 ft wide, spaced 30 ft on centers. The 
4 x 2-ft section is not a 
minimum limit from the point of view of 
stability. It was selected to permit rapid 
decentering of forms in cold weather and 
required only normal field control of con- 
creting—both important economic consider- 
ations because of the short time allowed for 
completion. 

ACI recommendations 
a general design code in designing the thin- 
shell-arch roof system. 


arch-rib cross 


were followed as 


The foundation design is a system of ver- 
tical and battered caisson-type piles capped 
by a slab. The Franki caisson pile, hereto- 
the United States, was 
is produced by driving a 
casing to a bearing stratum. A dry concrete 
mix is forced into the steel shell; the shell is 
pulled as concrete is rammed down. 

Ready-mixed concrete was used in the 
project. Approximately 6 sacks of cement, 
generally high early strength, were used per 
cu yd of roof concrete. Slumps did not 
exceed 3 in.; air entrainment was 4 to 6 
percent. A membrane curing 
was used on the roof concrete. 


used in 
employed. It 


fore not 


compound 


New method of prestressing reinforced concrete 
bridges (Reconstruction du pont de Vaux-sur- 
Seine—Un nouveau procede de mise en 
tension des armatures dans un oOuvrage pre- 
contraint) 
L. Moreav, La Technique Moderne-Construction 
(Paris), V. 6, No. 9, Sept. 1951, pp. 301-307 
Reviewed by ALEXANDER M. TuRITzIN 
A description of the prefabrication, erec- 
tion and prestressing of a three-span con- 
tinuous bridge. The middle span is 26 m 
long and each end span is 15 m long. The 
bridge is supported on two intermediate piers 
built on piles driven into the river bed and 
on two end piers located at the river banks. 
After the piers were in place, two steel trusses 
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15 m long were erected, thus forming two 
temporary end spans. Two adjacent con- 
crete box girders of variable cross section 
and prefabricated in advance were slid in 
position over these trusses. The box girders 
were 28 m long with their cantilever ends 
meeting at the center of the river. Two 
layers of cables were placed inside the box 
girders and securely attached at their ends to 
specially designed hoop and spiral anchors. 
The cables were stressed by spreading them 
apart by means of jacks located in the plane 
of the cables. Thus the cables were elon- 
gated and tension induced, the intensity 
being regulated by the amount of spread. 

Longitudinal tension wires were made of 
hard steel with an elastic limit of 110 kg per 
sq mm and an ultimate limit of 160 to 180 
kg per sq mm. To avoid rusting, the cables 
were coated with a heavy grease applied hot. 
Aggregates for concrete were carefully graded. 
At 28 days the concrete showed an average 
strength of 460 kg per sq cm. It is believed 
that this inexpensive way of prestressing 
will find its application in the construction 
of many prestressed concrete structures. 


Study of some special modern concrete mixes 
(Etude de quelques betons modernes de types 
speciaux) 
Marius Durtez, Revue des Materiaux de Construction 
(Paris), No. 434, Nov. 1951, pp. 321-327; No. 435, 
Dec. 1951, pp. 356-60 

Reviewed by Puiture L. MELVILLE 

In recent years, two different trends have 
appeared in the design of concrete mixes. 
On the one hand concrete has been made less 
dense and on the other hand more compact, 
the latter being theoretically more sound. 

Lightweight concretes of the first group 
are obtained by the addition of foaming 
or gas-producing agents. Density is between 
.8 and 1.2, they can. be sawed, nailed, are 
fairly nonabsorbent, have rather good dur- 
ability, excellent thermal and sound proper- 
ties but low strengths. 

In air-entraining concrete, around 4 
percent is present in voids with diameters 
between 100 and 200 microns. Permeability 
is reduced. Air entrainment will lower the 
strength but due to the resulting increased 
plasticity, better workability, less segregation 
and more homogeneous distribution of voids 
(giving better durability) are obtained. Air- 
entrainment results simultaneously in reduced 
permeability and hygroscopicity of both 
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mortar and concrete. In plastified or homo- 
genized concrete, wetting agents are added 
to increase workability with possible reduc- 
tion of the mixing water. Activated mortars 
and concrete can be prepared by special mix- 
ing resulting in a pseudo-colloidal dispersion 
similar to an emulsion. By using clean, 
gap-graded aggregates injected with acti- 
vated mortar (such as “Colgrout’”’), ‘“Col- 
crete” is obtained. The product is somewhat 
similar to cement macadam. 

Excess water can also be removed by 
vibration or compaction. The use of 
vacuum can result in dense concrete by 
removal of water, especially in thin sections. 


Influence of high temperatures on prestressed 
concrete (Invloed van hoge temperaturen op 
voorgespannen beton) 

G. Baar, Communication No. B 06, International 


Congress on Prestressed Concrete, Ghent, Belgium, 
Sept. 1951 

Author reports his investigation of the 
fire resistance of prestressed concrete and 
presents data, derived from earlier tests and 
from more recent supplementary tests, on 
the variation of cube strength and modulus 
of elasticity of concrete with temperature. 
The effect of temperatures ranging from 32 
to 1470 F on the tensile strength and yield 
point of high-strength steel is compared 
with the effect on the corresponding 
characteristics of mild steel. 

A test is then described, made on a six 
months old beam 38 ft long and 25 in. deep, 
prestressed by means of a cable made up of 
twenty-four 0.2 in. diameter wires. This 
beam was placed in a fire-brick furnace 
heated by 22 gas injectors and was loaded 
with concrete blocks equivalent to the 
design load. 

The maximum temperature reached in the 
lower flange was 1310 F; at the same time 
the temperature at the cable level ranged 
between 450 and 520 F, while the upper 
flange was at 212 F. 

Large deflections, up to 7.6 in. occurred 
during the test. When the specimen was 
examined after the test, no deformations or 
displacements were observed of either the 
wires or the wedges. , The high temperatures 
has not damaged the ends of the cables nor 
affected the quality of the wire steel. 

From this investigation the author con- 
cludes that (a) a 2-in. concrete cover and 
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proper grouting provide adequate protection 
for the cables up to 1300-1475 F; (b) the 
ultimate compressive strength of high quality 
concrete appears to decrease considerably 
when exposed to high temperatures; (c) the 
behavior of a specimen during a fire-resistance 
test is not a wholly dependable base for pre- 
dicting the performance of a member of very 
different size; (d) the additional deflection 
due to the fire-resistance test depends to a 
large extent on the intensity of the load 
which the specimen is carrying during the 
test; and (e) complete failure of prestressed 
concrete members is not to be expected in 
case of fire, but excessive deflections are more 
likely to occur than in ordinary reinforced 
concrete construction. 


First conference on concrete and other appli- 

cations of portland cement (Primera conferencia 

del hormigon y otras aplicaciones del cemento 

portland 

Comite Permanente de las Conferencias del Hormigon 

(Buenos Aires), 1950, V. 1, 590 pp.; V. 2, 430 pp. 
Reviewed by Francisco J. Corpova 

Two volumes representing the proceedings 
of the First Conference on Concrete and other 
Applications of Portland Cement were re- 
leased in the latter part of 1950. The con- 
ference was held in Buenos Aires, Argentina, 
November 7 to 19, 1947, under the chairman- 
ship of Juan Agustin Valle, noted Argentine 
technologist and Director of the Argentine 
Institute of Portland Cement. Other pre- 
siding members of the permanent committee 
of the Conference on Concrete were Enrique 
Gonella, Roberto Gorostiaga and Victorio 
Lavarello (Vice-Chairmen), Antonio Augusto 
Rotondaro (General Secretary), Carlos Luis 
Coqueugnoit (Treasurer), and José Gandolfo 
and Oreste Moretto (Secretaries). 

The conference was attended- by engineers 
from several countries, namely: Argentina, 
Brazil, Spain, Uruguay, Chile, France, Pert 
and the United States. 
also submitted by engineers of other South 
American and European countries who were 
unable to attend. The of this 
interesting work was an attending member 
of the conference. 

The American Concrete Institute was 
represented by Charles E. Wuerpel who read 
a paper, in Spanish, on air-entrainment. A 
paper on the same subject was submitted 
by F. R. MeMillan. 


Various papers were 


reviewer 
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A total of 77 papers dealing with concrete 
and cement comprise the two volumes. 

There are 16 papers on technology, 10 on 
highways, 13 on hydraulic structures, 29 on 
structural considerations, 4 on architectural 
concrete, and 6 on rural construction. 

The contents of these two volumes should 
be of great value to American engineers 
contemplating the expansion of their activities 
to South American countries. Many of the 
papers, principally those related to concrete 
mixture design, reinforced concrete, road con- 
struction and structural design are skillfully 
presented and well-illustrated by numerous 
graphs, and photographs. The 
papers on the theoretical phases and appli- 
cations of which the 
Argentines have highly developed should be 


diagrams 


reinforced concrete 
of great interest to engineers and designers, 
specially those who show a preference for the 
mathematical analysis. 


Long-time study of cement performance in 
concrete. Chapter 6—The heats of hydration 
of the cements 

Georce J. VerBeck and Ceci. W. Foster, ASTM 
Proceedings, V. 50, 1950, pp. 1235-1262 

The sixth report on the research project 
begun by the Portland Cement Assn. in 1940. 
The first four chapters of the “Long-time 
study” appeared in the ACI Journat, 
February to June, 1948, and dealt with the 
history and scope of the project, manu- 
facture of the test cements, chemical and 
physical tests of the cements, and microscopic 
study of the clinker. The fifth chapter, 
“Concrete Exposed to Sulfate Soils,” was a 
special publication of ACI and PCA. Chapter 
7, reporting on the performance of the test 
cements in the New York test road, appeared 
in the ACI Journat, June, 1951. 

Based on the data presented in Chapter 6, 
the authors conclude that for neat 
pastes having a water-cement ratio of 0.40 
by weight that at this water-cement ratio: 

1. The heat of hydration of portland cement 


cement 


increases continuously for at least 61% years. 

2. The composition of the cement affects 
the heat of hydration at all ages. The heats 
of hydration of types II, 1V and V cements 
were consistently below those of the types 
I and III cements at all ages up to 614 years. 
Between 1 and 6!% years the rate of heat 
liberation of the types II, IV and V cements 
was less than for types I and III cements. 
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3. The use of flake Vinsol resin as an air- 
entraining agent had no significant effect on 
the heat of hydration. 

4. The results of the least squares analyses 
indicate that somewhat better correlation 
between the heats of hydration and the 
calculated phase compositions of the cements 
than between the heats of hydration and the 
microscopically observed phase compositions. 

5. Temperature of curing appreciably 
affects the rate of heat liberation at early 
ages. However, this effect does not persist, 
as companion pastes cured at 70 and 100 F 
had approximately the heats of hydration at 
28 days. 

6. The heat of hydration of cements at 
ages beyond 28 days cannot be estimated 
from strength data as other factors are in- 
volved in the relationship. 

7. General relationships were observed 
between heat of hydration and either the 
nonevaporable water content or the vapor 
sorption of the pastes, although cement 
composition exerts some influence on these 
relationships. 


Tests on concrete, with electrical-resistance 


strain gauges 

N. S. J. Grassam and Davin Fisner, Engineering 

(London), V. 172, No. 4469, Sept. 21, 1951, pp. 356-358 
Reviewed by Aron L. Mirsky 

Describes methods of applying SR-4 gages 
to both damp and dry concrete surfaces, 
and results of tests on plain concrete under 
direct loading (tension and compression), 
using SR-4 gages and mechanical gages for 
comparison. 

The method of affixing the gages to dry 
concrete surfaces is similar to Anderson’s 
(Engineering News-Record, March 8, 1951, 
pp. 46-47; ACI Journat, News Letter, June 
1951, pp. 6-9). 

l-in. gages were found to yield good results 
on concrete made with %%-in. aggregate. 

Compression tests on 10 x 5-in. diameter 
cylinders indicated that the stress-strain 
curves closely approximated a parabola with 
the vertex at the ultimate; the curves were 
not continued beyond the ultimate (“frac- 
ture”). The ratio of lateral to longitudinal 
strains (Poisson’s ratio) varied with she 
loading; the authors point out that length 
of the specimen may have been ‘sufficient to 
make the barrelling due to end constraint 
(due to the platens) negligible. It should 










CURRENT REVIEWS 607 


be noted that a soft rubber sheet }; in. thick 
was placed between the cylinder ends (caps) 
and the platens to assist in obtaining a uni- 
form pressure distribution, since the platens 
were not ball-seated. 

In the tension tests, the arrangement of 
gages on the specimens was purposely made 
such as to indicate any eccentricity of load- 
ing; the results were quantitative. 

In the October 12 issue of Engineering 
(p. 468), KK. R. Peattie describes a similar 
investigation using a 9 x 41% in. diameter 
cylinder; the SR-4 gage lengths were 1% in., 
four being mounted on each of two diametri- 
cally-opposed generators of the cylinder; 
rubber sheets were not used. Strain readings 
increased from either end of the cylinder 
towards the midheight; the writer questions 
whether the soft rubber sheets used by the 
authors reduced the effect of end constraint 
and thereby the variation of strain along the 
height of the cylinder. 

In the issue of October 26 (p. 531), the 
authors take exception to this, stating that 
such barrelling is theoretically very small, 
although a certain amount was found with 
¥ in. mill-board used between cylinders and 
platens. 

The effect of lateral constraint at the ends 
of the test cylinders, due to friction between 
cylinders and platens, is further discussed by 
Peattie in the Nov. 9 issue (p. 596) and by 
the authors in the Dec. 21 issue (pp. 788-789). 


Prestressed concrete (Beton precontraint) 
Y. Guyon (Preface by E. Freysstnet), Institut Tech- 
nique du Batiment et des Travaux Publics (Paris), 
728 pp. 4704 fr. (about $15.00) 

Reviewed by Paut Rocers 

This truly remarkable book of 728 pages 
with 503 figures could really be called the 
“Bible” of prestressed concrete. It contains 
just about everything known at this time 
about this new structural system. 

The book is divided into three major 
sections. The first section deals with the 
basic fundamentals and the different systems 
are studied both theoretically and experi- 
mentally. The second section presents the 
precise elastic calculations with special 
emphasis on problems which occur most 
frequently. Many of these problems are 
solved numerically. The third section is 
devoted to the general review of the problems, 
the subject of the factor of safety is analyzed 
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and new methods based on a combination of 
elastic and plastic theories are proposed. 
More specifically the first section includes 
simple examples of prestressed beams, 
beams composed of blocks, elementary stress 
distribution in beams, 


prestressed simple 


examples of jacks and cable anchorages, 
practical studies of the Marne bridge and 
the Cherbourg sea-wall caissons, loss of 
prestress due to long term loading, instan- 
tenuous and retarded deformations, plastic 
flow of concrete as a factor in reducing or 
eliminating prestress in the cables, recom- 
mendation for the use of high tensile strength 
wires and suggestion for allowing 
for the relaxation of the steel 


establishing the initial prestress, 


cables, 
stress in 
effect of 
live loads on original stresses, fundamental 
differences between reinforced concrete and 
prestressed concrete, advantages of curved 
cables, limitations of live load compensation, 
prestressing by the use of expansive con- 
crete, effect of shear stresses, the Freyssinet 
anchorage cone, different systems of pre- 
fabrication, the injection of grout, tools and 
Blaton-Aubert 


prestressing of the 


machinery, the system of 


anchorage, Montesson 
tunnel 
stressing without 


(slippage of the anchorages), pre- 
residual 


deformations, deformations due to repeated 


steel, materials, 


loadings, shrinkage and swelling, compressive 


and_ tensile different wires and 


cables, deformation and relaxation of steel, 


strength, 


influence of cable friction, fire resistance, 
codes and specifications of fire resistance, 
stresses on the abutments due to prestressing, 
stress concentrations, influence of axial loads, 


(bonded) 


wires, and stresses in abutments of preten- 


hoop anchorages, pretensioned 
sioned systems. 
The 


elastic 


devoted to the 
applied to 


second section is 


theory as prestressed 
members. Discussed are beams of constant 
moment of inertia and uniform cable cross 
section, exterior’ and interior forces, proof 
of stability, initial and permanent prestress, 
evaluation of the drop in the tension cables, 
the value of m, moduli of elasticity, neutral 
axis, practical computation of sections, com- 
pensation of live loads by prestressing, rec- 
tangular slabs and beams, reversed stresses, 


pattern for cables, resistance to shearing 
forces, inclined cables to reduce the effect 


of shear stresses, empirical rules for safety 
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stirrups, formulas, beams of constant cross 
with pretensioned 
design of 


section prarallel wires, 


balanced pretensioned wires to 
resist a predetermined moment, beams of 
constant cross section with raised cables, 
successive elevation of several cables, shape 
of different elevated cables, beams of variable 
moment of inertia, the case of totally com- 
pensated loads, beams similar to tied arches, 
resistance to shearing stresses, shearing 
stresses caused by prestressing, distribution 
of shearing stresses and minimum secondary 
reinforcements. 

The third section deals with the problems 
of safety, plasticity and a general review 
Included are in- 
vestigation of a 25 ft long parabolic beam 


with the maximum depth at the 


of all the studies made. 


center, 
description of a continuous hinged (Gerber- 
type) bridge in and 
report on the 


breaking of some isolated joists with pre- 


Toulouse, principal 


transverse deformations, 
tensioned wires, flexural studies, studies on 
shear and bond, safety factors with regard 
to concrete crushing, flexure and _ shear, 
report on some systems of joist prefabrication, 
static and dynamic investigations concerning 
bond, studies on cracks of rectangular beams, 
influence of mild steel as longitudinal rein- 
forcement, proposed empirical rules for rec- 
tangular beams, resume of studies on pre- 
stressed concrete beams, deformations and 
limita- 


tions of law or breaking moments, influence 


crackings, under-reinforced beams, 
of the steel tension on breaking moments, 
without 


pieces, report on the shear stresses of the 


failure previous cracking, fragile 
Djedeida bridge, factors of safety, elasto- 
plastic analysis, verification of the safety 
factors based on limit design, justification of 
safety factors im prestressed beams, practical 
examples, tables and charts, direction of 
shear cracks, and laws of shear stress varia- 
tions for beams of variable moment of inertia, 

Although this book is very extensive and 
complete in itself, this reviewer believes that 
the complete omission of all references to 
non-French works on. prestressed concrete 
tends to detract from the value of the book. 


It is believed that the great advancements, 


both theoretical and practical, developed in 
and 


English- German-speaking countries 


should have been given recognition in a 


book of such extent. 





